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Biology Is the study of life
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Between 2 and 100 million species

We know virtually nothing about
microorganisms

http://www.sciencedaily.com/releases/2003/05/030526103731.htm
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Digital Biology

Genomics






Deoxyribonucleic Acid (DNA)

Sugar
Phosphate
Backbone

B [ | [

~Base pair

Adenine

Nitrogeous
base
Thymine

MNew strand

Guanine _"-?

Cytosine

Nucleotide Source: Talking Glossary of Genetics



DNA is the machine language
program for biochemical
processes



Genomes are programs encoding:
e Biochemical processors

 Machinery to duplicate and install the
program onto processors



Homo sapiens

h | 2900 roallion bases ~30,000 1 gene per 100,000 bases 46
i‘;f;” ROTVeEICHS 2,750 redllion bases ~30,000 I gene per 100,000 bases 42
Muts prsculus 2500 redllinn bases ~30,000 I gene per 100,000 bases 40
(roonse )

Drasophila melanogaster -

(frit 1y 150 rralhon bases 13,600 1 gene per 9,000 bases &
Arabidopsis thalian 125 million bases 25,500 1 gene per 4000 bases 10
(plant)

Caenorhabdifis elepans -

(rondwore) 27 roalhion bages 19,100 1 gene per 5000 bases 12
srccharompess ceravisiae 12 reillinn bases 6300 1 gene per 2000 bases 32
(yeast)

Escherichia coli -

hasteria) 4.7 rallion bases 3200 1 gene per 1400 hases 1
H influznzae 1 & reillion bases 1700 1 gene per 1000 bases 1

(hactera)

tifimmation exdractad from geramne publication papers elow.

Crenore size does not correlate with evolutionary status, nor 15 the nurmber of genes proportionate with genore size.

http:/iwww.ornl.gov/sci/techresources/Human_Genome/fag/compgen.shtml#genomesize
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Reading code

Nobel foundation



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

TEs o A PR GAAGE THC bs.

Ean.
‘ lﬂ 11 \HWHW

il HMH T ﬂl;

1998 2007 — Sequencing by Synthesis
500,000 bp/day (automatic) 1GB bp/day (automatic)
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1
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1.o0E+o1 B Cost per base seguenced
1.00E+00
1.00E-01
1.00E-02

LooE-03

US Dollars

1LooE-n4

1.00E-ng

1.00E-06

“Thousand Dollar Genome*”
1_|;|qu:|? | 1 | 1 1 1 [l

1985 1990 1955 2000 2005 2010 2015 2020 2025

Year

Source: R. Carlson, Bio-era
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C O m p re h e n S i O n e Nucleic Acids Research

‘DNA Strider’: a ‘C' program for the fast analysis of DNA and protein sequences on the Apple
Mack 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‘ "

e
sspl ﬂ‘lﬂus A

Received August 17, 1987; Revised and Accepted November 15, 1987
Seal 3846 62 Sph |
Pyul 3735 651 Sall
Pst] 3509
E(IE==—=—=—===—===———== YSCPHO5 PBA322 B
[DNA_sequence 1732 b.p. gggataagggta <-> cteccgtataat linear + 1063 BspM |
First  Start  Length End R.F. Last prralmetrviag
e o i e SIEI 1 s B
o
-50 e -40 e -30 e -20 -10 e -1 ML 286 LA
1664 BspM Il

= ISD] tnuggg!uuucu\cutgaattqtcguautgaoach o
- 100 R‘I‘RTﬁﬁch:lgutgtlug:tmgt:gegguog&a:ggettcntetct - 51
= S0|catgag

AN 24785
fagl 2227 2066 Pvull

it s

M [HTGTTTHRATC TRTTGTTTARTTCAARTTTT X TTT
51 G5 TﬂCCﬁTICCCTTHWCHHFDCTHGCCGHTGTCGRCNWHTTGBTGCCC 100
101 |AAARATATATCTTCCCATTTTTGGOTGGTGCCGGACCATACTACTCTTTC 150
151 |CCTGGCGACTATGGTATTTCTCGTGATTTGCCTGAAGGT TGTGAARTGAA 200
201|GCARCTGCARATGGT TGGTAGGCAT ATACCCTACTGTCAGTC
251|TGGCTAAGACTATCAAGAGTACATGGTATARGT TGAGCAAT TRCACTCGT 300
301 |CAATTCAACGGCTCATTGTCATTCTTGRACGATGATTRCGAGTTTTTCAT 350

1 & 10 e 20 & 30 & 40 s 50

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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http://mkweb.bcgsc.ca/circos/tutorial/004/summary.png
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Reduction <> Complexity

http://www.linesandcolors.com/category/digital-art/



Biological understanding

« Just storing data Is a challenge

e Finite human comprehension > finer
specializations > greater barriers

e Machine-learning, self-organizing, and
other naive technigues increasing
necessary — Systems Biology






PersrECTIVES OF SvsTEMS BioLocy

“Perhaps siipnsingly, a concise
definiion of svstems biology thai
most of us can agree upon has vet

1
o0 emerge

Ruedr Acbersold. Ph D,
Faculty Member
Institute for Svstems Brology
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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



Genetic “Engineering”

Writing code



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



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, Btanford University Medical Center, Stanford, California 04305

Coniribuled by Paul Berg, July 51, 1572

First  DNA molecule reported, October 1972

Proc. Nat. Acad. Sei, USA
Vol. 70, No. 11, pp. 3240-3244 November 1973

Construction of Biologically Functional Bacterial Plasmids I'n Vitro
(R factor/restriction enzyme/transformation/endonuclease/antibiotic resistance)
STANLEY N. COHEN*, ANNIE C. Y. CHANG*, HERBERT W. BOYERY{, AND ROBERT B. HELLINGt

* Department of Medicine, Stanford University School of Medicine, Stanford, California 84305; and T Department of Microbiology,
University of California at San Francisco, 8an Francisco, Calif. 94122

Communicaled by Norman Davidson, July 18, 1973

First synthetic DNA molecule reported, November 1973
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DNA vs Electronics

* Basic elements: DNA (1953/nobel ‘62)
and transistor (1947/nobel ‘56)

« Similar potential for great influence on
society

e Similar industry growth curves

FEOOOONE -
+100000% -

E 300:0 | 8 el ume .

[w]

o 2000 H T

= 100.0 F .
0.0



Recomiinant DM

Restriction Enzyme
Action of EcoRI
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Genomic
programming
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Digital DNA

Physical DNA
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Fluid Fitting

EVA Foam Holder




Milli GEN/Biosearch 8700 DNA Synthesizer

Seller of this item? Sign in for your status

otarting bid: US $89.99 Place Bid =

End time: May 04 07 08:30:40 PDT (1 day ¥ hours)

shipping costs: Check item description and payment instructions
or contact seller far details

ohips to: LInited States
lterm location: saint Lours, Missour, United States
Histary: 0 hids

-4;[,' = E:,.ll:b;,' 1 afh You can also: | watch This Iterm |

(5et alerts via 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

frorm Lhup Diligos

Construct Il

EGFP gene 714 bp



Sponsared Links

Elue Heron BEio Genebldaker

Call now far promaotional pricing!
The DNA Synthesis Specialists.
wwwy. blueheranbio. com

zene Synthesis in a Flash
1 kb within B business days,

3 kb within 13 business daysl
Wity eneart. com

Gene Synthesis $1.10/Mbp

For small, large & difficult genes.
Free subcloning services
wanewy, Celtek-genes. com

Gene Synthesis: $0 69/bp

Fast Delivery, 100% Zequenced, fram
The Constructive Biology Company Thi
codondevices. comfconstructedclones

Cus_tn::]m F’N_ﬂ Synthgsis B LU E H E R'D N ®

Feptide nucleic acid conjugates

PrA Chimera, PHNA modifications BIOTECHNOLOGY

phaaligos. com

Fapid izeng Synthesis

muperfast Turnaround Guaranteed!
Low Cost, Individualized Support
wwwy. DNAZD com
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Engineering process...

*Electronics

4 *Software

eAeronautics
Even more success
eStructures
4 Materials
More success «Automotives

4

Some success complexity



F1/60

Sender Device

BOO015

terminator

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



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




Shares:

DNA parts
DNA code
Protocols
Experience
Publications
Only one rule

: share back!



2006 Jamboree — 400 gengineers




Univeristy of Calgary, Canada
Missouri Western State Univeristy, USA
UCSF, US )
UC Berkeley, USA
Caltech, USA -

UC Irvine, USA —__

University of Arizona, USA
University of Oklahoma, USA =
University of Texas, USA™
Prairie View A&M Univeristy, USA”
Rice University, USA

National Polytechnical Institute, Mexico

Team Latin America :

International Genetically Engineered Machine Competition

Global Distribution of Competing Teams

!.Jniversity of Edinburgh, Scotland
Purdue. University, USA | -
/ University of Michigan, USA
f ,Univeristy of Toronto, Canada
McGill University, Canada

; University of Cambridge, England
Imperial College, England
_~Freiburg University, Germany
_~ ETH Zurich, Switzerland

- Boston University, USA : g
- MIT, USA f / _', ~“University of Ljubljana, Slovenia

Harvard University, USA y St UPV-UV Valencia, Spain

Brown University, USA
— Cold Spring Harbor Laboratory, USA)
™ Princeton University, USA
Duke University, USA

" Davidson College, USA
\ NCBS Bangalare, India
Penn State University USA

\
Mississippi State Univeristy, USA

Taam Africa

Chungbuk National University, South Korea ==
- Tokyo lnstitute of Technology, Japan<”

Chiba Univeristy, Japan



57 teams — 20 countries

USA (26)
Scotland (3)
Colombia
Italy (2)
Mexico
Talwan
Russia
Germany
South Africa

IGEM 2007

Middle East
Canada (6)
Japan (2)
Australia
England
Switzerland
China (4)
Spain

India
France
Slovenia



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
synthetic bislogy thanar lack of enthusi-
asm_ creatirity s hand work.

warking atthe most basic kevel are copying

simple biological prosesses, such as the pra-

duction of a protein from a gene. Theyhreak o -

the procss: donen inta its component sle- 2 Tin Zurih (1og) Cambeifgs, UK,

mznls, such a: a gene and the pieces of DA i Gwrwtoaly Engreeat Mahine e fon

and ather molecules that coatral its activicy.

They then string these elsments together o Fram the ground up. To do 5o, they have com.
1ra.

‘salection of designs. Students fram the Univer.
r sity cf Camabeidge, UK, tried o make a circuit
tizular way — s osdllae between producing  dliticn: the student competition. The JGEM  that coukd cantrol the movernent of Escherichia
ot producag gt o prodxea - et begun e s proec s or MIT s ol Theyaimed toaginess the .
tein that can switch another module oa ar off. dents in 2003. Last year, it
ljsmehndscf:am])MAMD oscillors  cther US universifies, and this year it went \Amybmesuprm.llbou Wl\h\hemdoﬂ
and sitches — that engineers order from sap.  interratianal. Th b 3 upar Tripping
Flers anl Lk ogether 1o bl ore comples - = EER
electronicircuits and machines. Sputhetic Hal-
ogists ane rping todevelopa similar armourycf. Compd
biclogical components, dubbed BioBricks, that  Much 1
anbe inseriedinto any genetic ciruit wearry  studen
ra particular function. Scientists at MIT e IGEM j
established a Registry of Standard Biclogical — curiosi
Barts, acatalogue of BicBricks that theorstically b learr

COVER STORY
By Carl Zimmer

Scientist of the Year

Jay Keasling is developing ways to program DRA, as

easily as people program computers.

ol A48 N b 2008

BRIEF COMMUNICATIONS

SCIENTIFIC

Engineering Escherichia colito see light

These smart bacteria ‘photagraph’ alight pattern asa high-definition chemical image.

i hava dasignad a bactarial system that 1s
swiched betwean defarcot states by red lght.
Tha systam. coatisls of 3 synhelle snsoe
kinasa that

th00 25 2 blooghcal lim. such hat e pocjec-
00 0f 2 pattara. of llgh ook bo 1ha Bactech
produces a high-delning faboet 100 maza-
plols par squims lud, two-dmenskail
chucmical image. This spatial control of bac-

it
o tkrgcal mteelas o xarogh.an
to Iovestigate signalllng pailways through
prachse spatial and tempocal coairal o helr
phesphorylaton staps.

“Tlants 14 SO bactorla usd 4.class oEpeo-
el pDCCRCopioes Kaown 25 phytochomes
t.ccokml phioiotazls, photosyutasts aod th
productin of protactive plgments* . Phinto-
recqpinmanenot found o eotembacierd, such
axE3iesTih i O, 50 W CTaatad 2 Tght scsce
that functizas In E. call by anginearing 3
chimacea that ses 3 paytocheams from
cyanchaciarium.
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Building
life from

scratch

At MITs Internatin:nnl enetically Engineerad Machine -:'_.‘c:mpet'rti-:'nr:l yeaterday,

The Baston Globe

Science students the world over share

the audience listened to a presentabion on synthetic biclogy. (John Tlumacki!

Elnkha Staffl
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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.




JPEN

DpenWetWare is an effort to promeote the sharing of information, know-how, and wisdom among
researchers and groups whao are working in biclogy & biological engineering. Learn more about us here,
If you would like edit access, would be interested in helping out, or want your lab website hosted on
Cperiietare, please join us,



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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Essential genes of a minimal bacterium

John I. Glass, Macyra Assad-Garcia, Nina Alperovich, Shibu Yooseph, Matthew R. Lewis, Mahir Maruf,
Clhyde A, Hutchison I, Hamilton 0. Smith*, and J. Craig Venter

synthetlc Blology Group, 1 Cralg wenter Instiute, 9704 Medical Center Drive, Rockellle, MO 20650

Contributad by Hamilton O, Smith, Mowembser 18, 2005

Mycoplasma genitalium has the smallest genome of any organism
that can be grown in pure aulture. it has a minimal metabolism and
little genomic redundancy. Consequently, its genome is expected
to be a close approximation to the minimal set of genes needed to
sustain bacterial life. Using global transposon mutagenesis, we
isolated and characterized gene disruption mutants for 100 differ-
ent nonessential protein-coding genes. None of the 43 RNA-coding
genes were disrupted. Herein, we identify 382 of the 482 M.
genitalium protein-coding genes as essential, plus five sets of
disrupted genes that encode proteins with potentially redundant
essantial functions, such as phosphate transport. Genes encoding
proteins of unknown function constitute 28% of the essential
protein-coding genes set. Disruption of some genes accelerated M.
genitalium growth.

urogenital pathogen, is the extreme manifestation of this
genomic parsimony, having only 482 protein-coding genes and
the smallest genome, ar =380 kb, of any known free-living
organism capable of being grown in axenic culture (13). Al-
though more conventional bacteria with larger genomes used in
pene essentiality studies have on average 269 of their genes in
paralogous gene families, M. gemitalizem has only 6% (Table 1,
which is published as supporting information on the PNAS web
site ). Thus, with its lack of genomic redundancy and contingen-
cies for different environmental conditions, M. gewitalium is
already close 1o being a minimal bacterial cell.

In our 1999 m (4) on the essential microbial gene for A
gemitalivmn and its closest relative Mycoplasma preumeniae, We
mapped ~ 2,200 transposon inserion sites in [hese WO Species, and

Tl Tl e d 1 v tacelad - v w21 B



Next generation biotechnology industry?



&% 1,89, INC.

rdas& the renewable petroleum company™




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™
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research to extend the SENS 3 queens College
healthy human lifespan Sept 6-10  Cambridge

mMETHUSELAH
FOUNDATION

Foundation Mprize SENS Blog Forums Donate

Who's Wh e : ;
-Resuezrch ° ' Mprize Fund
LysoSENS , $4.462,873
MitoSENS _ i SENS Fund
The 300 - - l - - $4=0989070

et A oy ) > Details
The Golden Age is Before :

...Not Bahind Ui =SSR Contribute

ah Foundation Forums are now open. Check out the Edmonton Aqing Symposium Archives to see

For the price of a cup of

coffee a day you can join

o e e The Methuselah Foundation is a non-profit 501(c)(3) volunteer organization dedicated

helieve the time has come [0 raising public awareness of the near-term potential for evidence-based interventions
to challenge the in the aging process. To this end, we perform research focused on repairing the
unassailability of the aging  damage that accumulates at the cellular and molecular level with time causing
process. Read More... age-related dysfunction, and offer the multi-million dollar Methuselah Mouse Prize
(Mprize) for significant, scientifically reproducible life extension in already aged lab mice.

Email Updates!
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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/
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