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DNA Is a programming language
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Bits (0,1's) encode software for electronic
Processors

Bases (A, T,G,C’s) encode software for cells

DNA Is source code for cells.

Synthetic biology is about how to program cells
efficiently and reliably
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1 800 GEEK SQUAD (800 433 5778) GO AHEAD, USE US™

SERVICES AGENTS 100LS & DOWNLOADS WHY GEEK sUUAL

Computer Services Services
i Networking and Internet
i Set Up and Security
i Repair and Upgrade
i Protect and Save
i Data Recovery
i ACCessOries
i Tutorials

Home Theater Services - -r!
i Consultation . .
! Setup . WE Come To You
i TW Mounting ! ochedule an Agent, Home Entertainment Acdvisor

Speaker Mounting L1 or Installer to come to your place, when it's
i Remote Control canvenient for you. We'll fix the problem on the

Programimning spot and leave you with a working system.
i Enhancements

F




» Windows\Vista










How to avoid being victimized,
and what to do if you are!

Companion Web
site offers more
tips and valuable

A Reference
for the

Rest of Us!

FREE eTips at dummies.com

Michael Arata

Security professional and fraud investigator
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So why aren’t programmed cells an
everyday thing today, like computers?



REVERSING

Secrets of Reverse Engineering

What Is Reverse Engineering?

Reverse engineering is the process of extracting the knowledge or design blue-
prints from anything man-made. The concept has been around since long
before computers or modern technology, and probably dates back to the days
of the industrial revolution. It is very similar to scientific research, in which a
researcher is attempting to work out the "blueprint”™ of the atom or the human
mind. The difference between reverse engineering and conventional scientific
research is that with reverse engineering the artifact being investigated is man-
made, unlike scientitic research where it is a natural phenomenon.

Eldad Eilam
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Nobel foundation



-mm'rt@s GGAAGTACAAGTGTTAAAGATGTATTTTAATATAGAATTTGTATCAAAG
GYTAAGATTTCAACCGTTTGARAGCCCTTAGTTTTCAGGGT TTTTTACTTTTTTATTCATI
GTAATCACTCTTAATACACIGCAAGTTAAAATAGCATHTCTTTGACCAGAAAAATANGAA
TCTATGCATTTTAAAAGTGAAAACAGACTCATATGCTGATGAACATTTTTAGCTATAAAT
TGTAACAATANTTTAGCAATTTCAATTGAATTTATTTATGTTCTAAATGAGTTCGCTCTC
TCCCTAGATCITGGAGCCTTTGAAGGGHCTGGACAAGAGCTGCGACGATGGCAGTAGCGA
CGACAI'GAGCACCGGAATAAGAGQCTTAGCAGGAACCGGAAMPCCTCCAGCGGCATTTGCY
CAAATTTGGCAAGCCTTCGELCCCCACAAGGCCCTCAGCCGCCCCTCGGGATGGGGGECGT
GGCCCTGGGCGAATCGAACCAATATCAATGCHCGATGGATACGATAATGCARGCGTATAA
TCCCCATCGGAACGCCGCGGGCAACTCGCAGTTTGCCTACTGCTTGAATTAGCCTGGACG
AGAGGECGTGTTAGAGAGTTTCATTAGCTTTAGGTTAACCACTGIMTGTTCCTGATTGTACA
AATACCAAGTGATTGTAGATATCTACGCGTAGAAAGTTAGGTCTAGTCCTAAGATCCArG
TAAATGGTTCCCAGGGAAGTTTTATGTACTAGCCTAGTCAGCAGGCCGCACGGATTCCAG
TGCATATCTTAGTGATACTCCAGTTAACTCTATANTTCCCTGCAATACGCTAITCGCCT
TAGATGTATCTGGGTGGCTGCTCCACT CCCGGGAATATGCAACCAGTTACATTTGA

GG CC&TT’!GGGCTTAAGCGTATTCGHP GTTATCGTC CCAII%TT CGGAAATTATA

TTCCGAGCCAGCAAGAAAATCTTCTICTGTTACAATTTGACATA CTGTACTAA
TCANAATGAAARATGTTTCTCTYGGGCGTAATCTCATACAAFGATTACCCTTAAAGATCG/
AACATTTAAACAATAATATTTGATATGATATTTTCAATTTCTATGCTATGCCAAAGTGTC
TGACATAATCAAACAITTGCGCATTCTTTGACCAAGAATAGTCAGCAAATTGTATTTTCA
ATCAATGCAGACCATTTGTTTCAGATTCTGAGATTTTTTGCTGCCAAAGGGAATAACTAT
CATAGCTCACATTCTATTTACATCACTAAGAAGAGCATTGCAATATGTTAGGCCTCAAGT
TTAATTTTAAAATGCTGCACCTTHGATGTTGTCTCTTTAAGCY T TGTATTTTTAATTACG
Aifm ATATAAGAACTACTCTRCTCGGGTAAATTGTGAQTAACTACACATAACTACATH
TTAGCCCATATTTCCGTUCCCTTTCTAGAATGAACCRAAACAGTATCTGGTTTTACCG

ATCTTATGAATTTAAAAATGCACTTTATTGCAGATACTCACACATGCCTGCCATAAAATA
TGATTCGCGATYTTTCCGCGAACACCCGCGGATCATAAAACATTTGCAGCAGCTGCCTGT

GPTTATTCACCTACCOTRAAASCCOAMA ATANMA MO AT A MAATMAS AR A AMAs AR M m
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New Individual Human Diploid Sequence >>




May 2007 Richard Carson/Reuters
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Environmental Shotgun Sequencing; Its Potential and
Challenges for Studying the Hidden World of Microbes
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IBM's BlueGene/L: world’s fastest
supercomputer, 3 years running

596 TFLOPS (trillion floating point operations per secor)d)"
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J.R. Koza et al.

Automatic creation of computer
programs for designing
electrical circuits using genetic
programming.

s

http://www.genetic-programming.com/jkpdf/acdm1998.pdf



REDUCTION | COMPLEXITY

If we didn’t build it, we may not be able to fully understand it.



Genetic “Engineering”

Writing code
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sequencing

Digital DNA
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Figure from Genome Synthesis and Design Futures, Bio Economic Research Associates, © 2007. www.bio-era.net

Synthetic trend lags by about 8 years
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Name: BO015

Type: Double terminator
Length 129 bp

Designed by: Reshma Shetty
Forward efficiency: 0.984
Reverse efficiency: .295
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STANDARDIZED DATA

C N
System Synthetic system or cell
8 J
C 0
F1760
Device Sender Device assembly
A8 )
Part terBrr?i(zmlastor synthesis

ccaggcatcaaataaaacgaaaggctcagtcgaaagactgggcctttc
DNA gttttatctgttgtttgtcggtgaacgctctctactagagtcacactggctcac
cttcgggtgggcctttctgcgtttata
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*'.*M Training DNA programmers

Synthetic biology requires an unprecedented level of interdisciplinary cooperation, fewer
laboratory skills, and less overhead than conventional genetic engineering.

Cooperative yet competitive

Open education format...

Shares:
 DNA parts
e DNA code
 Protocols

* EXperience
* Publications
* One big rule: share back!




International Genetically Engineered Machine Competition

article  dis edi  history CF
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BJ . . Hundreds of undergraduates all over the
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Bynthetic  Biology a  reality by
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Cambridge & Melbourne Leap Together

Cambridge Univers ourne Univeristy leap together after co-winning the Best BioBrick Part award,
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iGEM 2007 fromiabove

s slice ofsthe 7504 participants in igerm 2007

e Maximizes innovation

« Empowers communities

« Generates expertise

* Legal and technical standards




BACTOBLOOD

s is undisputed. There are
in short
have the greatest need for blood transfusio
frastructure and the required pool of healthy don

U c B E R K E L E Y developing ive red blood cell substitute constructed from engi ed £ colf hacteria. O TURE
designed to en in the bloodstream without inducing sepsis, and to be stored far pralonged

periods in a freeze-dried state.

Suppott for Berkeley iGEM 2007 was generously provided by SynBERUC and The Camille and Henry Dreyius Foundation, Inc.
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Alberta team trying to turn E. coli into fuel
Updated Mon, Mov, 5 2007 8:12 AM ET

The Carnadian Press

CAMBRIDGE, Mass. - A University of Alberta
team trying to turn E. coli into fuel has
earned a first place finish in the energy
cateqory at an international genetic
engineering competition at MIT,

Under a magnification of Welcome to

6836x, this scanning Andrew Hessel, a consultant with the

electron micrograph (SEM) | ple s [ngenwity Fund who has helped the human network

depictes a number of L

Gram-negative teams from three Alberta universities Discover how the human network alialn
Escherichia coli bacteria of | COMPete, says while none of the teams connects and empowers us all. Find out + cisco
the strain 0157:H7. from the University of Calgary, the

(Courtesy of Centers of University of Lethbridge or the U of & made

Disease Control and it to the final competition, he calls it a USER TOOLS

Prevention) fantastic educational experience, B odalicin e afh mree



BERKELEY CENTER
FR SYNTHETIC BIOLOGY

A JoinT PROGRAM OF THE CALIFORNIA INSTITUTE FOR QUANTITATIVE BioMEDIC AL RESEARCH (QB3)
AND LAWRENCE BERKELEY NATIONAL LABGRATCRY (LBML)

The California Institute for Quantitative Biomedical Research (QB3) and Lawrence Berkeley
National Laboratory (LBNL) have joined forces to accelerate the growth of synthetic biology, a
new field that promises major new advances in preventing and treating disease, generating new
energy sources, and preventing and mitigating environmental threats.

Opening in spring 2005 in a spacious, modern building
in west Berkeley, the Berkeley Center for Synthetic
Biology gives renowned scientists and engineers the
chance to pool their talents and collaborate in new
ways, with enormous potential benefits for California’s
citizens in the form of advances in biomedicine and
energy renewables and economic growth.

Synthetic biologists study the control and design of

biological components and new organisms to solve a QB3 and LENL scientists occupy lab space in a
host of important health, energy, and environmental building renovated in 1997 for biotech research,
problems that cannot be solved using naturally previously leased by Bayer, featuring large labs,

; ' ; rin ; viral suites, and tissue culture rooms. UCSF Mission
occurring hiological entities. The inherently Bay and numerous biotech firms are nearby.

| [

MIT establishes groundbreaking
biological engineering major

The Massachusetts Institute of Technology faculty yesterday approved a
hewy course of study for undergraduates, in hiological engineering, the
first entirely new curriculum establizshed at the Institute in 29 vears.



Ehe New JJork Times
English, Algebra, Phys Ed ... and Biotech
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izeorge Cachianes, left, formerly of Genentech, teaches hiotechnology at Lincoln High =chool in San Francisco.

dim MilzondThe Hew York Times
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rojects withh DNA

For ages 8 and up
Adult Supervision Required
Materials included except for the items listed.
Through play. hands-on projects, patterns and puzzles
ia book and kit explores the amazing DNA story.

""b ;  Build a DNA ladder.

- : Heat =~ °
Extract " SHOCK! .

Decode the
code of life

Is it a boy or girl?

Dress mp for
sterile techniques. Solve, the '
chromosome '
Guality time, quality learning, quality play. puzzle.

http://www.electrowiz.com/



Next generation biotechnology




Performance of enabling

biotechnology tools and approaches

g

Recombinant DNA technology:
* Horizontal transfer of genetic material
* Homologous recombination

+ Gene shuffling/directed evolution

Synthetic biology techniques:
+ Standard biological parts
¢ Low cost sequencing and synthesis
¢ Simplified chasses/
operating sytems
¢ System modeling and simulation
* Metabolic pathway design

| I | ] | | -
1980 2010 2030

Source: Bio era
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About Us | Contact Us | Careers |

Science and Technology

Stop Cloning Genes
SYNTHESIZE THEM!

Rapid, high-quality,

F r %

/ 3 % v
: Constructed ]
low-cost gene synthesis Gene Constructed Dperons & Genomic b
Synthesis Variant Operon Varlant | | Engineering &
Libraries Libraries




Sequencing Programming the Genetic Code Bioenergy or Specific Chemical Production
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SAMYRIS

BIOTECHNOLOGIES

COMPANY PROFILE TECHNOLOGY  CURRENT PROJECTS

WEICDmE Amyris Biotechnologies is translating the promise of
synthetic hiology into solutions for real-warld

problems. Building on advances in molecular, cell
and systermns biology, we are engineering microbes
capable of producing high-value compounds to
address major global health and energy challenges.
Wi are employing these living cherical factaries to
produce novel pharmaceuticals, renewable fuels,
and specialty chemicals.

© 2006 AMYRIS BIOTECHHOLOGIES ™



Investors

Funded by a syndicate of well-respected, top-tier venture
capital firms, Archemix has raised over $100 million to date.

The Series B round ($53M, completed 10 2004) was led by Highland
Capital Partners, and included all of the Series & investors and
Athenian Yenture Partners,

The Series & round ($52M, completed 30 2002) included lead investors
Atlas Wenture, Prospect Wenture Partners and SV Life Sciences, Other
investors included Rho Yentures, Care Capital, MDS Capital, POSCO
Bioventures, and US Trust Private Equity,

CONTACT | SITE MAP —
| aBoUT | SCIENCE | PRODUCTS | PARTNERSHIPS & ALLIANCES | MEWS & INVESTORS | CAREERS

Archemix and Merck KGaA Sign Strategic Alliance

Coltaboration to Focus Primarily on Cancer Therapeutics Hsing
Novel Aptamer Technology



Folding DNA to create nanoscale shapes
and patterns

Paul W. K. Rothemund'







Within 10 years, If present trends continue...

Synthesis and boot-up will become integrated
and practical on the desktop

10 MB of DNA synthesis will cost <$10K

Drag and drop metabolic design software, and
parts libraries, will be open sourced

A substantially different academic and industry
than landscape than exists today



Summary

Synthetic biology transforming life science
Into an information science

Multidisciplinary

Accelerating technology development and
globally fueling innovation and competition

IT industry-type dynamics, but greater
ramifications for society

Open source may play a crucial role
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