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Writing Synthetic DNA on Silicon Platform

KEY ADVANTAGES OF WRITING DNA ON SILICON

MINIATURIZATION
103-6 less volume of required reagents

THROUGHPUT
20M oligos/month

LOW COST
Driving adoption and new applications

VERSATILE PLATFORM
Broad applications

Fueling the Industrialization 
of Synthetic Biology
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IT INDUSTRY
DATA STORAGE

• Permanence
• Density
• Ease of Copying
• Universal Format

SYNTHETIC
BIOLOGY

• Competitive 
Turnaround Time

• Lower Cost
• High Throughput 
• High Quality

• High Quality Diversity 
Hits / Leads

• Shorter Time and Cost 
from Target to IND

SHORT TERM GOAL
Grow Revenue

MID TERM GOAL
Develop novel therapeutics

LONG TERM GOAL
Enter technology market

GENOMICS:
TARGETED NGS

• Fast Customization
• Performance
• Full Kit
• High Quality

LARGE MARKET OPPORTUNITIES

LARGE MARKET
DRUG DISCOVERY/ DEVELOPMENT

TWIST’S PLATFROM TECHNOLOGY ADDRESSES  
Multiple Large Market Opportunities

INITIAL MARKETS
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• Self-fertilizing crops
• Oil-Free Fertilizers
• Drought Solutions
• New Disease Protection

• Antibodies / TCR
• Vaccines
• Immuno and Cancer Therapies
• Small Molecule Drug Manufacture

• Specialty Chemicals
• Advanced Property 

Materials

• Global population growing with decrease 
in per capita arable land

• Food security and increased nutrition

Agriculture

• Better drug development tools to lessen 
time and lower costs 

• More effective diagnostic tools for DNA 
extraction to lower costs (i.e. NGS)

Healthcare

• Increased population growth impacting 
the sustainability of finite resources

• Industrial production to address the 
needs of civilization

Industrial

NEEDS

Synthetic Biology is Rapidly Growing

NEW APPLICATIONS FOR SYNTHETIC DNA

We need a new 
type of DNA 
supplier to 

meet demand
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96 WELL PLATE 
makes 1 gene

121 devices per cluster

TWIST SILICON PLATFORM 
can make 9,600 genes

Developing Game-Changing Throughput and Cost through 
Quality and Speed at Scale

Rewriting DNA with the Power of Silicon
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TWIST’S PLATFROM EXTENDS TO

• Permanence
• Density
• Ease of Copying
• Universal Format

SYNTHETIC
BIOLOGY

• Competitive 
Turnaround Time

• Lower Cost
• High Throughput 
• High Quality

• High Quality Diversity 
Hits / Leads

• Shorter Time and Cost 
from Target to IND

SHORT TERM GOAL
Grow Revenue

MID TERM GOAL
Develop novel therapeutics

LONG TERM GOAL
Enter technology market

GENOMICS:
TARGETED NGS

• Fast Customization
• Performance
• Full Kit
• High Quality

LARGE MARKET
DRUG DISCOVERY/ 

DEVELOPMENT

Other Growth Verticals

IT INDUSTRY
DATA STORAGE

INITIAL MARKETS
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WHY DNA?
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DNA: Nature’s Choice for Data Storage

MAN-MADE, 
NOT PERMANENT

STABLE FOR 1000s of YEARS

560,000 - 780,000 
Years ago

40,000
Years ago

20,000
Years ago
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First record: 1959

Richard Feynman Lecture
There’s Plenty of Room at the Bottom
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• Terminal media format,
independent of read or write platform

• Permanence

• Density

• Copying 

• Data Transfer

Why DNA?
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The rate of DNA decay varies with 
environmental conditions 

Towards a Million-Year-Old Genome

N Neanderthal  
M Woolly Mammoth
H Middle Pleistocene Horse

Survival of the Coldest

Millar and Lambert, Nature 499, p 34-35, 2013
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The Molecular Weight of Information

• Compare Three Storage Media
• Hot Storage: Flash

• 1010 Atoms per bit
• Cold Storage: Tape

• 1010 Atoms per bit
• NAM: Nucleic Acid Memory

• 14 Atoms per Bit

The media is the information
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Amazon Snowmobile — up to 100 PB

Data Transfer
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HOW?
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Data Storage in DNA

Permanence  l Density  l Random Access  l Universal format

Synthesis2

Storage3 Retrieval4

Sequencing5

Coding1

Decoding6



Twist Bioscience Corporation 16

Coding

• Transform Binary information to 
Nature’s code

• Information Theory ECC’s adapted to 
correct for errors and provide 
redundancy 
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Synthesis (Write) 

• Artificially assemble DNA from the chemical 

building blocks

• Molecule is identical to DNA occurring in living 

organisms but is created synthetically

• Similar to assembling Lego® blocks from 4 colors

• We exploit the molecules’ complementary nature
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Storage

• Only requires a cool dry 
vessel to keep the data 
viable for hundreds of years

• Thousands of times more 
compact than current media 1 TB 

DNA FolderDry DNA Data Storage
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File Structures with DNA

Addressable Objects for StoragePools of DNA Molecules with Barcode

Hardware Addressing Molecular Addressing

kB1 Byte GBMB YBPB - 1015 EB ZBTB BrontoByte 1027

GeopByte 1030

Use Case Dependent

?
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Sequencing (Read)

• Read back the bases of DNA
• Molecular biology tools allow 

random access subsets of very 
large pools of data
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Decoding

• Reconstruct the digital file from 
sequences of DNA

• Computational methods remove 
errors that may be introduced in 
from the synthesis (write) and 
sequencing (read)
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WHY NOW?
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Storage Capacity
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Storage Capacity
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We believe new DNA technologies and cost efficiencies could surpass mature 
IT hardware solutions in 3–5 years

DNA Data Storage Trends and Projections

* DNA bases per byte for hard drive and tape shown at typical published encoding ranges from about 5:1 to 6.25:1
** All dotted lines represent extrapolations and assumes continued trajectory of historical trends, and that there will be continued decrease in price as technology improves. 

*** Raw oligo pool cost extrapolation based on DARPA and another anticipated government-sponsored grant project objectives, both at specified time points

$100

(1) www.genome. Gov (2) Bob Fontana, IBM Systems, Storage Media Overview, May 4,2016 (3) Bioeconomy Capital, Rob Carlson, January 20, 2018, www.synthesis.cc
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Technologies
optimized for memory
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Tape Price
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How is DNA for Memory different from Genes

1.E+00

1.E+02

1.E+04

1.E+06

1.E+08

1.E+10

1.E+12

1.E+14

1.E+16

1.E+18

1.E+20

1.E+00 1.E+02 1.E+04 1.E+06 1.E+08 1.E+10 1.E+12

Unique Sequences

Copies

DNA Vaccines

Current Synthesis Technologies

NGS /PCR Primers

Twist Gene Synthesis

Low mass / molecule count
High sequence diversity

Also: higher error rate, higher 
throughput, lower cost

DNA Storage
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RECENT
PROGRESS
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Timeline of investment

2012–13 first papers & experiments on DNA memory (including our CEO)
2013 SRC establishes SemiSynBio (3 years, $2.5M)

Twist Founded in April
2014-16 NIST-funded SemiSynBio Industry Roadmap ($0.5M)
2016 IARPA/SRC workshop on Exascale DNA Memory

Twist engagement with Microsoft through SRC meeting
2017 DARPA program on Molecular Computing announced

IARPA/SRC workshop to develop MIST program
2018 IARPA MIST program formally announced

IARPA MIST proposal submission

Twist Selected & Awarded for DARPA program $2.5M
IARPA subcontract in process
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Encoding at Scale: first Papers (2012/2013)

Harvard & EBI
dealing with not just 
putting information into 
DNA, but techniques of 
recovery
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SRC & SemiSynbio (starting 2013)

February 2013
SRC establishes SemiSynBio (3 years, $2.5M)

Pre-competitive academic research, intersection of synthetic 
biology and semiconductors/computing

Five topics, including DNA memory

Second generation of funding with NSF started ($4.5M)
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SRC Roadmap (2014–2016+)

https://www.nist.gov/amo/semisynbio-consortium-and-roadmap-development

NIST-funded SemiSynBio
Industry Roadmap
Planning for
15-year horizon
Five working groups, 
including DNA memory
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http://spectrum.ieee.org/biomedical/devices/tech-companies-mull-storing-data-in-dna

SRC/IARPA Workshop (April 2016)

Feasibility of Exascale
storage system
Pre-cursor to MIST 
program (2018)
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https://www.darpa.mil/program/molecular-informatics
https://www.darpa.mil/news-events/2017-03-23

DARPA Molecular Informatics
Announced April 2017, Awarded 2018

The Molecular Informatics program brings together a collaborative interdisciplinary 
community to explore completely new approaches to store and process information 
with molecules. Chemistry offers an untapped, rich palette of molecular diversity 
that may yield a vast design space to enable dense data representations and highly 
versatile computing concepts outside of traditional digital, logic-based approaches.
Given radical advances in tools and techniques to sense, separate, and manipulate 
at the molecular scale, what innovations can be injected into information 
technology, and what will the resulting systems be able to “compute”?
By addressing a series of mathematical and computational problems with molecule-
based information encoding and processing, Molecular Informatics aims to discover 
and define future opportunities for molecules in information storage and processing.

#MemoriesInDNA Program Goals
100 MB read/write in 1 day

from archive of 1GB

https://www.darpa.mil/program/molecular-informatics
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https://www.iarpa.gov/index.php/research-programs/mist

IARPA Molecular Information Storage (MIST)

The goal of the MIST program is to develop deployable storage 
technologies that can eventually scale into the exabyte regime and beyond 
with reduced physical footprint, power and cost requirements relative to 
conventional storage technologies.
MIST seeks to accomplish this by using sequence-controlled polymers as a 
data storage medium, and by building the necessary devices and 
information systems to interface with this medium. 
Technologies are sought to optimize the writing and reading of information 
to/from polymer media at scale, and to support random access of 
information from polymer media archives at scale.

Program Goals
2 years: 10GB write, 1TB read

4 years: 1TB write system

+ PB/EB scalability plan
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Trends in DNA Technology

Price of DNA read/write ($/base)

* DNA bases per byte conversion shown at typical published encoding ranges from about 5:1 to 6.25:1

1990 2000 2010 2020 2030

$100

$0.01

$1

10–4

10–6

10–8

10–10

10–12

$1/Gbase

$0.01
per GByte

hard drive price
(converted*)

oligo synthesis price

silicon camera

sequencing price

cost floor ~10–16

tape price
(converted)

Improvement of mature IT 
components intercepted by 
new DNA technologies in
3–5 years

IARPA Year 2

DARPA Year 1
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PROJECT
HIGHLIGHTS
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Memory of the World

The Treasures that Record our 
History from 1700 BC to present day
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Our Cultural Heritage

Deep Purple
Smoke on the Water

Miles Davis
Tutu



Twist Bioscience Corporation 39

Digitized Three-Dimensional Map of St Mark’s 
Basilica Preserved in DNA

Time Machine
St Mark’s Basilica 
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Arch Mission Foundation Announces  
Digital Data Stored in DNA headed to the Lunar Library
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Powering the Synthetic Biology 
Revolution


