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Synthetic biology Is a basket of
technologies that facilitate the
engineering of living organisms



Potentially the single most important
technology of this century...
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Bits (0s,1s) encode information for digital
electronic processors (computers)

DNA encodes information for analog
biochemical processors (cells)

DNA is source code for biological systems

Change the code, change metabolism



GEeNOMES are special programs that encode:
 Instructions for biochemical processors

 Machinery to duplicate the processor and
install the program onto processors

Equivalent in computing not to an operating system but to all
the software it would take to run a production line at Apple

or Dell Inc.
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ATG-TCA-AAT-AAA-AGT-AAT-GAT-AAT -GLL-AGA-GCA-TAT-GAG-TTT-GCA-TTT-ATA-AAT-GAA-
TTA-GGA-COC-ATT-GCA-ACT-CAA-AAT-CAG-AAT-ATA-AAT-ATC-GAA-AAG-AAT-TCT-AGC-TAT
TAC-GTA-GTT-GAG-AAA-TCT-TGG-AGT-ACA-TTA-TCG-GAT-CTT-GAA-AAA -GAA-AAA-TAT-ACA
AAA-AGT-GCA-ATT-GCT-GGT-ATC-AAT-CTT-ATA-ACA-AGC-TTA-GAG-CCA-ATA-ATA-GAA-GAT
GGT-AAT-GGT-GTA-TTA-AAC-TTA-AAA-ATA-CAA-GCT-GAT-AAT-AAA-GGT-GAA-TTA-GGC-GAT-
ATT-AGA-GAT-ATT-TTA-ATT-CAA-AGA-GAA-AAT-ATT-AAT-TGG-GAA-ATT-GGT-TTA-AGT-TTA-
AAA-CAT-AAT-CAT-TTT-GCT-GTG-AAA-CAT-AGT-CGT-TTA-TCA-CAT-AAA-ATT-GAT-TTT-TCA-
GAA-AAA-TGG-TTC-CAA-TTA-CCT-TCT-TCT-CAA-AAT-TAT-TGG-GAT-AAT-ATA-CTC-CCT-ATT-
TTT-GAG-AAA-TTA-GAA-ATT-TAT-AAA-AAA-GAT-AAA-ATA-AAA-TGG-AGA-GAG-TTA-TCT-AAT-
AAA-GAA-GAT-TGC-ATT-TAT-TAT-CCC-ATA-CTT-AAA-TCA-TTT-ATA-GCA-GAA-ATT-AAA-GAA-
AAG-TAT-GAT-AAA-TAT-AAT-TCT-ATT-GTT-CCA-CAG-AGA-ATG-GTT-GAA-TAT-TTA-CTT-GGA-
TAT-TTT-GAT-TTC-TAT-AAA-ATC-ATA-AGT-CAA-GAT-AAT-AAG-AAA-CTA-ACA-TCT-ATT-CAA-
TCA-TTT-AAT-TTA-CGT-GGA-ACA -CTA-AAT-AAA-CCC-TCT-AAA-AAA-CGA-AAG-GCA-GAC-ATT
TIT-ATA-CCT-GTA-GCT-AAT-TTA-CCA-ACT-AGA-ATC-ATT-GAT-ATA-GAT-TTT-AAG-CCA-AAT
AGT-AAA-AAC-ACG-GTT-GAA-TTA-TAT-TTA-GAT-AAA-GGA -TGGL-CAA-TTT-AGT-TTT-AGA-ATA
CAT-AAT-GCT-TCT-ACT-ATT-ATT-GAA-CCG-AGC-TTG-AAA-TTT-GAT-ATA-AAA-CTT-ATT-GGT-

GTT-CCT-GCC-ACA-ATA-ATT-TGT-TTA-GAG-ACC-CCT-TGG-GAA-GAA-TGA
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1980 1987 1995
500 bp/day (manual) 36,000 bp/day (semi-auto) 144,000 bp/day (semi-auto)

Sequencing and Basecalling Results for 191base Read
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1998 2007 — Sequencing by Synthesis
500,000 bp/day (automatic) 1GB bp/day (automatic)
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Source: R. Carlson, Bio-era



E coli K12 complete genome
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BALys: Friday April 15 09042220 2005

Length: 4,522,675 bp, Genes: 4,254

BASys

Genes encoding proteins
B Forward strand
B Reverse sirand

Genes encoding functional RNA
Forward strand

B Reverse strand
COG functional categories

Information storage and processing
B Transiation, ribosomal structure and biogenesis
Tranicription
DMA replication, recombination and répair
Cellular processes
Cell division and chromosome partitioning
B Posuranslational modilication, protein turnover, chaperones
Cell envelope biogenesis, outer membrane
B Cell motility and secretion
Inorganic ioen ranspor and metabolsm
B signal transduction mechanisms
Metabolism
W Energy production and comversion
B Carbohydrate transpoct and metabolism
. Aming acid transpart and metabolism
Mucleotide transpart and metabolism
Coenzyme rmetabolism
Lipid metabalism
B Secondary metabolites bhosynthesis, transpart and catabalism
Poorly characterized
General function prediction only

Function unknswn
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Volume 16 Number 5 1388 Nucleic Acids Research

'DNAS&H-'- a ‘C’ program for the fast analysis of DNA and protein sequences on the Apple
Macintosh family of

Christian Marck

Service de Biochimie, Bit 142, D de Biologie, Centre d'Erudes Nucléaires de Saclay,
91191 Gif-sur-Yvette Cedex, France E PBR322 > Graphic Restriction Mop )
£5pR 4361 B ﬂ‘ "

154
sepl ﬂ‘lﬂus Ly

Received August 17, 1987; Revised and Accepted November 15, 1987
Seal 3846 62 Sph |
Pvul 3735 €51 Sall
Pst] 3609
N YSCPHOS PEA322 W
[ DA sequence 1732 b.p. gggataagggta ¢<-> ctcccgtataat |inear + Ll
First  Start Length End R.F. Last Sl
-y o o) e 0 i SIEI L =9 g
AlwN | 2086 &'
-50 e -40 * -30 * -20 -10 o -1
- ISD] uuggg!uuucu\cutgaattqtcguautgaoal:gT - Lol ol
- 100 R‘I‘RTﬁﬁch:lgutgtlug:tmgt:gegguog&a(ggettcntetct - 51 A ﬁ'“. 5 R
= S0|catga 1t i Fas vy
1|3 .mm—»—r TTRTTTRTTE FRTTTT : TTT 50 it iy
51 G5 TﬂCCﬂTICCCTTHWCHHFDCTHGCCGHTGTCGRCmUHTTGBTﬁCCC 100
101 |AAARATATATCTTCCCATTTTTGGOTGGTGCCGGACCATACTACTCTTTC 150
151 |CCTGGCGACTATGGTATTTCTCGTGATTTGCCTGAAGGT TGTGAARTGAA 200
201|GCARCTGCARATGGT TGGTAGGCAT ATACCCTACTGTCAGTC
251|TGGCTAAGACTATCAAGAGTACATGGTATARGT TGAGCAAT TRCACTCGT 300
301 |CAATTCAACGGCTCATTGTCATTCTTGRACGATGATTRCGAGTTTTTCAT 350
1 . 10 . 20 & 30 ® 40 s S0
Yeast Saccharomyces cerevisiae phoS gene for repressible acid phosphatase
Arima,K., et al. Nucleic Acids Research (1983) 11, 1657-1672.
This sequence is a subset (401 to 2132) of Genbank (rel.46) VSCPHOS entry.

280.6 TFLOPS with 131072 nodes
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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
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Reduction ‘ Complexity






If we can’t build it, we don’t understand it.



Genetic “Engineering”

Writing code



Proc. Nat. Acad. Sci. USA
Vol. 69, No. 10, pp. 2004-2909, October 1972

Biochemical Method for Inserting New Genetic Information into DNA of
Simian Virus 40: Circular SV40 DNA Molecules Containing Lambda
Phage Genes and the Galactose Operon of Escherichia coli

{(molecular hybrids/DNA joining/viral transformation/genetic transfer)

=

DAVID A. JACKSON®*, ROBERT H. SYMONSt, AND PAUL BERG
Department of Biochemistry, Stanford University Medical Center, Stanford, California 94305

Coniribuled by Paul Berg, July 31, 1978

Proc. Nal. Acad. Sci. USA
Yol. 70, No. 11, pp. 3240-3244, November 1973

Construction of Biologically Functional Bacterial Plasmids In Vitro
(R factor/restriction enzyme/transformation/endonuclease/antibiotic resistance)

STANLEY N. COHEN*, ANNIE C. Y. CHANG*, HERBERT W. BOYER{, AND ROBERT B. HELLINGY}

* Department of Medicine, Stanford University School of Medicine, Stanford, California 94305; and T Department of Microbiology.
University of California at S8an Francisco, S8an Francisco, Calif, 94122

Communicaied by Norman Davidson, July 18, 1973
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Restriction Enzyme
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sequencing

Digital DNA

Physical DNA
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Milli GEN/Biosearch 8700 DNA Synthesizer

Seller of this item? Sign in for your status

starting bid: US $89.99 Place Bid ~

End time: May-04 07 06:30:40 PDT {1 day ¥ hours)

ohipping costs: Check item description and payment instructions
or cantact seller for details

=hips to; United States
ltern location: Saint Louis, Missoun, United States
Histary: 0 hids

"'l;[;' oy | E,' 'Iil';' Tofb Youcanalso: [ watch This Item |

Get alerts wia Text message, IM or Cell phone
Ermail to a friend

'E‘ Supersize



from CPG Oligos

Dligonuclectide set 1
Oligonuclectide set 2
| ligation
Construct |

| Pcr

DNA Gonstruct
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EGFP gene 714 bp



sponsared Links ..
Gene Synthesis $0 59/bp ;DNA 2.0
Dependable Service & Low Price:
Come on Down and Save Y our Budgets!
wanwy, epochbialabs. com

Eio S&T Gene Synthesis

Lowe price, free LB stab
ahd bonus DNA ladder.
wnwy, hiost. corm

Gene Synthesis - $0 69/bp

All purpose gene synthesis.
opeed up RED. Save money, time.
whntwy, codondevices. com

Customn Gene Synthesis
Faor small, large & difficult genes.
Free codon optimization semices B LU E H E RG N -

wennwy CeEltek-genes. com BIOTECHNOLOGY

Gene Synthesis

OligoMix - Oligonucleotide Mixture
gene construction / synthesis
whwal. [CSCIEnces. com
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Engineering process...

*Electronics

4 *Software

eAeronautics
Even more success
eStructures
4 Materials
More success «Automotives
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Some success complexity
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Sender Device

BOO015

terminator

Name: BO015

Type: Double terminator
Length 129 bp

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

e a8
e
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=-33.31 BO015
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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



2 Create an account or log in

atticle

Transcriptional Regulators

Available repressible regqulators inormally ONj -7- Show O more parts Edi
-2 Hame Description Direction Control -#- Lg:tﬂ?;h Length
A v BBa 14032 promoter PiLac) 12 Forward 37
] A vy BB=_RO040 promoter (1etR | negative) Forward alc, tetracyline 24
jumga to part AW BBs RO0S promoter (lambda ol regulated) Forvward lambida cl 44
BBa_
o Available inducible regulators (normally OFF) 2- Show O rrare parts Ediit
navigation Dutput
3 ot i 1 3 =
Main Page : Hame Description Direction Control -? Low High Length
A [BBa 12007 Modified lambda Prin promoter (OR-3 ohiiterated) Forvward cl g2
Browse Part Types &| [BBa ROOGZ Fromoter (xR & HEL reguiated — Iux pR) Forward R, HEL 55
ICGER Wik AEEEE Promoter (Lask & PAI regulsted) Forward PAI 157
Community portsl A |BBa_ROOSO Promoter (AraC regulated) Forvwward arac 149
Recent changes
Recent part changes Available other requlators Show 172 more parts Edit
Output
resOurces -7 Hame Description Direction | Control -2- pr Length
User Socounts High
Add 3 Part A | BB _I0S00 Inclucible pBadarad Foraard :::Ei;me 1210
Part Searches A W) BBa 113455 Phad promoter 1350
DRl&, Repostories A vy BB _J13002 TetR repressed POPSRIPS generator Forward | ATc 74
. A vy BBs_ 13025 IOCEHSL+LuxR dependent POPSEIPS generstor 117
Seuence Analysis &[] BBa_JZ23100 | constitutive pramater family member 55
Azzembly Tool A v BBa J25101 constitutive promoter family member 35
Helpy A vy BBs_J23102 constitutive promoter family member 35
A vy BBs J23103 constitutive promoter family member 35
- AW BBa_ J23104 constitutive promoter family member 35
A vy BBs J23105 constitutive promoter family member 35
A vy BBs J23106 constitutive promoter family member 35
AW BBs J23107 constitutive promoter family member 35
A vy BBs J23105 constitutive promoter family member 35
A vy BBs_J23109 constitutive promoter family member 35
toolkbox A W) BBa_J23110 constitutive promoter family member 35
e [ A v BBa J25111 constitutive promoter family member 35
ink= heara

http://parts.mit.edu



X Creste n sceount or lag in

i | [
Part:BBa_F2620: Design A
Designed by Bary Canton and Anna Lat Erdered 2004-08-09
30CgHSL > PoPS Recelver
[ T
Formet: Sugoats | Buke 155105 Searche Length: 1061 bp. Comnert: Purt only o
1 11 21 N 41 51 &l Ty Bl al
1 c:rrcncrnl tleceaa: (zunccc( QLCEEBLB inlncnrcln ICQC:Q&KW ag ESATACCA] BCOBBBAACA TABATICC d.
DS EO004 CO0E2
S — E= =
IR R
TetR 2 st

101 cgncncacac agnacantia atassatiss afctojcags agcnncancs atacastca anicTLaLCt gecacjncca aancggtaca ciftfaatat
o0

bt

201 _cacccaccog comcoartia ccorcaricr avporcessc copncaccer aatcooagur aariacoors ssssscpgeg goancactac gucgacgors

o | s | [ o |[ rwiery
Part:BBa_F2620:Experience -+
Designed by Bary 4 R Lating [labnoddEn du] Entired 2004-08-09
gt J0CHSL st bk
Qulput PoPS e8000 | e
Endy Lab Characterization [edit]

W ([Bamy Carton, Anna Labno, Drew Endy) have meatured four charactesistics of BBa_F2620 Pl\:loccl and

resulls fur the fow characlenstics e bnked below. Fer the purposes of cf EU
dowestrnam of Ba_F 2520 to make the compasite part, BBa_TEO0Z . Th
froen BBa_F2620 indinectly via the fuorescence output of BBa_E0240. [
wmEuting fram theds &xpanmants is summanzad on tha papar datashasl: [ppt, pdf)

rEunction

it}
User Reviews )
L1I1L] Thie tewigw cames from the ald eyt ystem and indeatas that thic pan

ARty warked in some best

BBa_F2620

30C,HSL — PoPS Receiver
hittp-parts. mit edumegistryintey. php/Part BEa_F2620

LLL L L]

] e

Auihors:
Bamy Canton Jhcansongmi edu]
Arna Labno labnoagmit edu]

Last Lipdate: 15 January 2007

Diaacription
A Tactor (LuxR, BBa hat Is acive In fhe af celi-cell molkecile
oL 1 conoNed by 3 TEIRCToMIAAd aperator (A35. RA040). Do My s 300 1. Do

oartput Is PoPS from a LukR-reguiated operator.
&isch 36 3Tc can be used to produce 3 Boslean AMD funchon.

Characteriatica

inpul Swing:  1E-3 bo 1E-6 M 3DC,H5L, EX0gencus
Output Swing: 01 fo 5031 GFP molecules cir! 5
Switch Point T+ nM 30C,HSL, EXagencus

LH Response: 3 min (i}, 27 min .}
Transfer Function®

If used In 3 c2l contalning TetR then a second Inpul sigral

Kay Parte

BBa ROO40:  TelR-requiated operator
BBa Co0d2 xR ORF

BBa R0z  LuxR-reguiaied operalor

R sl nbll o il ks ('
E EE E 3

W R IR 0 BN RN B8R 1B

=
B
"

P e ihyead o s [l naadess i )

Bl ]

Signaling Devices

D R R R R R iR TR
[8HL] ()
Demand (lowhigh inputh
Transiztional 256B048 ribosomes cfu-t
3.BEI1_ZES charged fRMA cfu-i 51
Compatibil ity
Chassis: Compatibie with MC4700, MG TOSS, and DHSa
Piasmids: Compalible with pSE3KS and pSB1A2
Devices: Compatible with E0240, EO430 and FOd34
Crossialk with sysiems containing Tetf (SO0
m:mmmmamhmﬂ

he.;mtry of Standard Biological Parts
mﬂgmm ane part & a fime

Equipment.
“Equipment B0 FACScan

License: Public
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Shares:
 DNA parts
« DNA code

e Protocols
Experience
Publications
e One big rule: share back!
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Designs on life

Earlier this month, students from arsund the world locked horns in competition. Their challenge
was to build functioning devices out of biological parts. Erika Check finds out how they goton

ven if youre thinking big, rou usually
have 10 start small. Especilly, s a group

of Swiss students found, when big
means counting 1o infinity The tam

was drawingup a bl print for the veeldls first
counting machine made entively of biclogical
parts. Abbough they had their sights oo loftier
numbers, they opted to go oo bigher than tro.
Tithe plan worked, irwoukbea proot. o prin-
diple or a euch arger tallying device:
The group, from the Federal Jnstitute of
Technology (ETH) in Zurich, was one of 17
tearns umvelling their prajects at the firstinter-
naticaal Intercallsgiats Genstizally Engineersd
Machine (iGEM) competition, held at the
Massachusetts Insitute of Techoology (MIT)

to design and build machines made
entisely from biolagizal componenis such

asgenes andproteing. Theydnew up grand

designs for bacterial Fich-a-Sketches,

phoisenitive -shiris, thermemetzrs and
senscrs. And if noos of the designs suce
ceeded completsly, that was more becauss
of the limnitaticrs of the nascent science of
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Scientist of the Year

Jay Keasling is developing ways to program DRA, as

easily as people program computers.
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Engineering Escherichia colito see light

These smart bacteria ‘photagraph’ alight pattern asa high-definition chemical image.
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Building
life from
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Science students the world over share

the audience listened to a presentabion on synthetic biclogy. (John Tlumacki!
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Hundreds of undergraduates all over the

world spend their summer making

Zvnthetic Biology a  reality by
participating in the annual
International Genetically Engineered
Machine competition.
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The University of Alberta's

Butanerds

"Save the Ethanol for Drinkin""
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U of A team building a better

bacterium

By Ileiren Poon, Expresshews Staff

Cctober 22, 2007 -

Edmonton - A group of

University of Alberta
students have spent
the sumrmer working
on building a new kind
of bacteria - one that
might hold some
answers to the
planet's diminishing
supply of fossil fuels.

The team members -
who call themselves
the Buta-nerds - have
been working on a

Members of the U of &
Buta-nerds team are
collecting data for a Mo,
competition at MIT,

Print story | Email story

@ |J of A teamn prepares
for MIT cornpetition in
Maovernber:

way to create an organism that will produce
butanol fuel for an annual competition hosted by

Zontact Us | Find a Person | Campus Map | Search | A-Z2 | Feedback
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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 LBNL 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,

; ; 5 o : viral suites, and tissue culture rooms. UCSF Mission
occurring b]U]Ogmal entities. Th? mherelnﬂy 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.







ALEC o
SHANNA

e STARRING IN
EUMPUT’EP

.ilI'IlIh |

.-3 v
. '

COMPLIMENTS OF

Radio

The Name in Classrcom Computing™

'.

THATS BIGHT, AL.EC Y SCRIPSIT
P&

i PROCESS

PR R - WY DA A2 =]
P TRS-B0 MODEL 12

COMPLITER WITH SCRIPSIT

N HIS OFFICE . AND HE

TAUGHT ME HOW T USE
ITWITH A DAY

WHEEL PRINTER ..

e TO WRITE BUSINESS
LETTERS, REccaleid
NOTES, PRESS RELEASES
AND EUI.LE'I'J!L-S

s i e
1 N
OLR SCHOOL'S OFFICE. M )

|

| £ THE m GEFICE ...

BT SWrTCA
'\"HEN * IMS.EI‘H prsn-:z'rfe*
APPEARS GN mE SCREEN ...

APTER THE LIEHT eoes
£N ‘zmm*wma THE

MEXT, THE COMPUTER PROMETE

TDU'rb ENTER THE TIME USING
THE 24 - HOUR SYSTEM, GNING

HOURS, MINUTES ANG SECONGS.

FOR EXAMPLE G130
ANDEa

THAT WUAKES THE
NTD SiX " CELLS".

IRECTORY " APPEAR ON

‘F-EE EﬁREEN THE DIRECTORY FE Givipar
EACH CELL IS THE

SlmﬁE UNIT FOR INFORMATION
LIMENT...

e AN IN 'I'UF?HI
A ENT &,

SEVERAL PAZES
oF :Nron.!.-.aﬂau

POCUM AN
BE MACE LUIP OF

"




TF 1| r = = : : L

ENGINEERED" r e e
= . - i T ﬂ | ] svswEDs vinirEE
ﬁEHE i m'E'ﬁ';ﬂ“:EE !' / F;ETI-';.-;::_FE':'::' e : b , LCCKING FOR.

INFEFTREF FEVITR

BALLOOHS SOULD
W -
=iF GHLY THERE W&S SOME W&
T BTN THEM MEQL QWMDY
LNTR THEY EXPLODE!

| KNOW BACTERL ' '

O, Pay ATTENTION!
A IHVERTER 13 4 %, Paroms Bledhg. Sie (199] - BEE
COMEBINATION OF BASIZ Gl i St prostes of pORER
M4 PAGTE THAT- . cynacis

2. Repicssor - & e 1
Lo hype of proie (et bi Ll ] FREVESNT

sl CHmetalid fun dnwl v s Clweigpe B h
rl'rr.n- .-\lhgﬂr [ W I'I-IJM I -
A, Temminalor - Spacsy samente sl UMPOSTUMATE

demidd Tl PO of Mihb gl yroarass slosg
DA, moree imes o eem®

e . Copparator - Srsirhan of DA Sl corisn
W Meprgaecs  prowin eding swe wed Kk
Eﬁmm mmw--?—jmm Ve

; sprans peoien, e Ceeskor pad wil B
- TOAETHER, TURN lam e ‘wF WHIHIIT I 1

VRER, Copazt. [T
SOMETHING UPSIDE DN BECUMES OFF.S, posmaan i band
n LG EEGENER HIGH
AND S0 0N

[T'S ENOLEH
YOR'RE & K =1 =
AL, YO0 BT
HEVE T BLUE T il

WIE AL AN
IWFERETER & FENTCE
IN GROER TO HITDE

I MEWE RO
. IDEh. TRCF
WHET IS ITP,

GORNE TO HDE ALL
THESE DETALS WSIDE




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/



Looking forward



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



Driving Forces

* Rapid advance of DNA sequencing,
synthesis, and other enabling
technologies

* Global growth of biotech R&D,
knowledge, and applications

* Geopolitics; new security concems

* Energy prices and climate change

* Urbanization and industrialization in
developing economies

Predetermined Elements

* [ncreasing environmental stress on
global ecosystems
* Growing infectious disease threats to

human and animal populations
* Human curiosity & technical innovation

* Growing healthcare needs of aging
populations

Major Uncertainties

* How quickly will biological engineering
advance?

* Will governments attempt to restrict
access to advanced biotech tools?

* How will public attitudes toward
biological engineering evolve?

* Will the assertion of intellectual
property rnights slow innovation in
synthetic biology?

* Will terronsts or governments use
genome engineering techniques to
create hiclogical weapons?

Prime Movers

* 1.5, gavernment: DOE, NIH, NSAEBE,
LISPTO

* Biological engineering researchers

* “Open source™ biology community

= Bioterrorists

* Energy, chemical, and pharmaceutical
industries

Source: Bio era



Is government policy... A supportive?

The Gilded Lab: Modular Life:

Public and private funding supports Abundant entrepreneurial entry and
laboratory research programs, but new product creation; application
biological engineering meets challeng- of biological engineenng in many
ing technical obstacles; economic sectors of the economy; some
implications are small and investors applications create social contro-
are disappointed. versy and opposition.

s genome engineering...

= o

difficult/expensive? easy/cheap?
Barricades: Underworld:
Geopolitical tensions and security Like the Prohibition Era; government
concerns dominate government policy; efforts to restrict the technology
genome engineering research is foster black markets, hacker culture,
severely restricted, with limited com- and lots of unregulated activity
mercial activity; government-funded outside the LL5.

research is focused on hiodefense, y restrictive?

Source: Bio era
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Research Article

Genome Transplantation in Bacteria: Changing One Species to Another

Carole Lartigue, John I Glass,® Nma Alperovich, Eembert Pieper, Prashanth P. Parmar, Clyde A
Hutchison I, Hanulton O Snuth, J. Craig Venter

The J. Craizg Venter Institute, Rockville, MD 20850, USA

science theguardian

Home | Science news | Comment | Podcasts | Talk | Bad science | Technology | Environment

I am creating artificial life, declares US
gene pioneer

- ocientist has made synthetic chromosome
- Breakthrough could combat global warming
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SYNTHETIC GENOMICS | Options for Governance

Hichails B Garflaksd, Ths | Crog v g, fockels derpien s Drasy Eady, Screchams letes offacbeolige Combricrs,
dgrrechamey, Gerald L Epebsde, Seeod Brivaegc evd eamsdecd Pocar Wakagon Desia of Crhkmbia evs' Robert H.
Frisdnan, s | Crelgbeeas b ey Aodvile, by ed
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The true story of a real fake. 4

catch me _ if you can

Catch them in Cinemas

Q&A: Former fraudster Frank Abagnale offers IT
security advice



Next generation biotechnology



Applications dependent on
synthetic capabillities

single genes*

base
pairs

102 103 104 10° 106 107

genetic circuits, viruses, GEMs Engineered organisms
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SAMYRI

BIOTECHNOLOGIES

COMPANY PROFILE TECHNOLOGY  CURRENT PROJECTS

WEICome Armyris Biotechnologies is translating the promise of
synthetic hiology into solutions for reak-world

problerms. Building on advances in molecular, cell
and systerns hiology, we are engineering microbes
capakle of producing high-walue compounds to
address major global health and energy challenges.
Wie are employing these living chermical factories to
produce novel pharmacedticals, renewable fuels,
and specialty chermicals.

© 2006 AMYRIS BIOTECHNOLOGIES™




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




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
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Toward a New Drug Development Pipeline Suitable for
Personalized Cancer Therapeutics

. Clinical Approval

Drug Dmeg Human
Leads Tasis Trials

|deally, a next-generation pipeline for efiective cancer drugs would:

As an output, produce personalized medicines

Be able to produce a targeted medicine for every cancer, newly diagnosed or recurring

Allow for rapid and sustainable development of these outputs

Have favorable drug development economics, ie. the cost of producing drugs decreases over time

Make a failure of any drug in the pipeline a trivial event

Be able to grow in output capacity to satisfy the needs of a global market

Continuously incorporate the latest understanding and data from molecular biology, oncology, and related
sciences, plus growing clinical experience with personalized medicines

And, finally, ensure the highest possible standards of safety and oversight

Design

: ufacturing
Engine 52

Compiler [0
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Mew Individual

ARCHON

GENOMICS \ PRIZE
DONATE | X PRIZE FOUNDATION

ARCHON X PRIZE FOR GENOMICS | TEAMS | NEWS & EVENTS | TAKE ACTION | DISCOVER | ABOUT

The breakthrough of our lifetime...
the X PRIZE about each of us.

Revolution Through Competition. P TAKE ACTION




Google

Google Health Wants to Digitize Your Medical
Records

Google Health, Mayer says, wants to digitize yvour health records—s-rays, immunization records, every
surgary, every doctor visit, everything. And she wants you to be able to take it with you anywhere in the
world, perhaps on some kind of extarnal device. That information will be protectad by a password, but you
will also be able to share it with your friends and family.

23andMe

_ Home Abhout Contact Johs

GENETICS IS ABOUT
10 GET PERSONAL

« don't panic, we're here to help

23andMe is a privately held company developing new ways to help you make
sense of your own genetic information.



Opportunities for Alberta If..

Can think BIG and move Fast

Tear down barriers between professions
and Institutions and think global in scale

Move aggressively to educate!

Develop core resources (informational and
physical)

Choose exciting and valuable applications
Support next-generation industry



ALBERTA

INGENUITY

FUND CONTACT US  SITE SEARCH  USER LOGIN

ABOUT US | AWARD PROGRAMS | RESULTS | INDUSTRY PARTMERSHIPS | OUTREACH | COMMUNICATIONS ‘ n g e n u i_[y

MEWS
Alberta I"g LHNUTTY™ 0T : Ingenuity launches bold new $100

the Alberta Heritage FoundationforScicnce aid Logincering Research, million research program
Cctoher 10, 2007 - Innenuity

nr!nwment to »SHPP,Q” .I’{:Sﬂa rch. Accelerators focus on ensuring

future prosperity of the province.



