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The Cure Is Now Is a national, non-profit orgarization dedicated
to elminating acquired, congenital, end developmental diseases.
Our cornerstone phiosophy is to use a convergence of emerging
technologles to combat diseases at the root level. Operational
programs include: awarenass campaigns, education initiatives, and
sdentific research. The objective is to eradicate disease as a
major health problem by managing programs designed to further

f . A
sdentific development. We need the cures. The time Is now: LT 1

The Cure Iz Now.

SYNTHETIC BIOLOGY AND
DATA-DRIVEN SYNTHETIC
BIOLOGY FOR PERSONALIZED
MEDICINE AND CLEAN

" ENERGY

Russell Hanson
OSCON Data July 25-27, 2011
e Portland, OR

TheCurelsNow.org




Outline

What is synthetic biology?

How does synthetic biology relate to genomic
science/personalized medicine

“Open source” tools in science and
bioengineering/synbio

Bio-Computer aided design (AutoCAD, etc.)
Mesoscopic Physics
Diff Egs and parameter optimizations
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Qutline, cont.

IP Issues in personalized medicine

Pink Army and co-op, open-source biopharma
Non-profit clinical research organizations
(CRO’s)

Disease-management companies, broken
business model

Big Data in electronic medical records,
personal genomics, biostatistics, hospitals,
community health centers

OSCON Data — Portland, OR




OSCON Data: This may not be a talk
about a social web app and the
database technologies used for that

app, but truly, what would a social web,
etc. app be without the life or biology
on that social graph

OSCON Data — Portland, OR




What is life?
What is artificial life?

And, incidentally, what Is consciousness?

OSCON Data — Portland, OR
from “When The Turing Test Is Not Enough,” by George Dvorsky




We are open source
Life 1S open source

We should have excellent tools

to manage our source (code)

OSCON Data — Portland, OR




OpenWetWare.org

openwetware.org

page talk view soUrce history

OpenWetWare l

Share your science. OpenWetWare is an effort to promote the sharing of information, know-how, and wisdom among
navigation researchers and groups who are working in biology & biological engineering. Learn more about us.

® Main Page If you would like edit access, would be interested in helping out, or want your lab website hosted

Recent changes
? Help
Contact OWW
Add a Lab Motebook
research
é Materialz

A Protocols

q Resources

search

[ search | [Go]

toolbox

== What links here

A Related changes

U upload fie

17 Special pages

'E' Printable version
Permanent link
Cite this page
Subscribe to
Categories

oww

on OpenWetWare, please join us.

“ Labs & Groups -.El' Courses
From arcund the werld - Hest & view classes

Protocols r@] Blogs
Share techniques & more L Y Read OWW blogs

3010 iGEM _ ;@"h

OperWetWare
Lab Notebooks

New features include:

Dynamic calendars
Create or view entries with a click

Local search
Search within your lab notebook

Improved navigation
Jump between entries with ease

Welcome new OWW users!

Alok K Panda = Charlie Merced » Muneer

Ahamed - Ruben Acuna - Malena Patricia

Sanchez - Mark T. Langhans = Pankaj Dalal - Hua
Ling = Max Song = Elaine Marie Robbins = Maria
Briscione « Rebecca Brill « Nima Fakouri « David T
Wang = Jay Taylor « Meenakshi Malhotra = MNavessa
Padma Tania = Tianyue Yang = Fernando

MNavarro = Angelo Porciuncula

See all new users.

OWW Community Blog

$B5.0: The Fifth International Meeting on Synthetic
Biology (Stanford, June 15-17, 2011)

Dear Synthetic Biology Community, We are excited
to announce The Fifth International Meeting on
Synthetic Biology (SB5. 0) on June 15 — 17, 2011 at
Stanford University.

UPDATE: Glitch with user pages

Update - 12:30am Monday Movember 8, 2010 We
tracked down the cause to the Biblio extension,
which we've temporarily disabled until we can devise
a fix.

BioBricks Foundation now managing OVWW tech
support

The BioBricks Foundation is pleased to announce
that we are now managing technical support for
OpenWetWare. The BBF is a nonprofit organization
that promotes biotechnology in the public interest.

OO J0INOWW

openwetware.org
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BioBricks Foundation

BioBricks
FOUNDATION

We are dedicated to advancing synthetic biology to
benefit all people and the planet. To achieve this, we
must make engineering biology easier, safer, equitable
and more open. We do this in the following ways: by
ensuring that the fundamental building blocks of
synthetic biology are freely available for open
innovation; by creating community. common values and
shared standards; and by promoting biotechnology for
all constructive interests

We envision a world in which scientists and engineers
work together using BioBrick™ parts — freely available
standardized biological parts — to create safe, ethical
solutions to the problems facing humanity. W

synthetic biology as a force for good in the world. We
see a future in which architecture, medicine
environmental remediation, agriculture, and many other
fields are using the technology of synthetic biology

e BioBricks Fo

SYNTHETIC B

i

)

M

J

PARTSREGISTRY.ORG

Al AV
OLOGY 5.0
* \isit the website

Synthetic Biology 5.0: The Fifth International Meeting on
Synthetic Biology took place place at Stanford University from
June 15-17, 2011. Learn more!

* Conferences
» Labs

» Courses

Catalog of parts & devices

DNA repositories

Users & groups

What is IGEM?
Start a team
2011 teams

OSCON Data — Portland, OR




ﬁ@‘ Synthetic Biology

based on standard parts

IGEM/Learn About

What is the iGEM Competition?

The International Genetically Engineered Machine competition
(IGEM) is the premiere undergraduate Synthetic Biology
competition. Student teams are given a kit of biclogical parts at
the beginning of the summer from the Registry of Standard
Biological Parts. Working at their own schools over the
summer, they use these parts and new parts of their own
design to build biclogical systems and operate them in living
cells. This project design and competition format is an
exceptionally motivating and effective teaching method.

iIGEM Competition History

iIGEM began in January of 2003 with a month-long course at
MIT during their Independent Activities Period (IAP). The
students designed biclogical systems to make cells blink. This
design course grew to a summer competition with 5 teams in
2004, 13 teams in 2005 - the first year that the competition
grew internationally - 32 teams in 2006, 54 teams in 2007, 84
teams in 2008, 112 teams in 2009, and 130 teams in 2010.
Projects ranged from a rainbow of pigmented bacteria, to
banana and wintergreen smelling bacteria, an arsenic
biosensor, Bactoblood, and buoyant bacteria.
Previous competition wehsites:

iIGEM 2011

IGEM 2010

iIGEM 2009

iIGEM 2008

iIGEM 2007

iGEM 2006

IGEM 2005

iGEM 2004

IGEM Competitions Summary

be built from standard,




NextGen sequencing

Table 1. Manufacturer's specifications for instrument configuration and production of ungle end sequences from a ungle flow cell

Template Starting Through pant Data per  Reagend cosl  Bun
Platiorm Method prep DMNA (jug) Instrurment configuration statintic run (Chp) per run (3)* time
454 GS-FLX Pyrosequencing Emulson PCR -5 Sngle picotiter plate, partibonable 238-bp read® 0.1 500

Nto B ey
lhumina 1C Four-color SBS with reversible Bridge PCR 0.1-1 Lngle fMiow cell, partitionable into B 15 bp read 1.3 000
terrmanatiors A

ABI SOLID Ofsgonuc leoatkds ligation with Emubéon PCR 0.1=20 Independently contralled dual-flow 35bp reads, mapped O - 3400
cells, each partitionable into B reflerence sequence allowing

lares up o three mivmatches

two-base, four-color encoding

Single-color 58S with wirtus Mot ,|;_|;|I. il b Mot avallable Single 25-lane flow ¢ 0B resd ' § 1R.0:00

"Reagent cosls are list prices
BAveraqe read length for a typical whode-gencame Mbeary, using long read kit

83) Sequencng by synthesis Holt A. et al., Genome Res. 2008

Solexa HeliScope
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Affymetrix 500K probe chip ~$450USD
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Single nucleotide polymorphism
(SNP) and gene expression arrays

e Copy number profile

e Gene expression/over expression levels In
a tissue

e Major copy proportion

e Machine learning on SNPs, SVM, Bayesian
networks, Markov chains

e Biomarker identification, verification, and
development. Biomarker for autism, “lack
Of empathy” OSCON Data — Portland, OR




Where are we?

How much do we know about cellular
orocesses, regulation, oncogenes,
orotein-protein interactions, microbiome
Interactions?

e How much do we know about brain
structure-function relationships, gene
activation in neurons, memory,
eletrophysiology, neuronal cognition,
brainmaps from C. elegans, to Mus
musculus, to Homo sapiens?

OSCON Data — Portland, OR




How to Access the Human Genome (and other

seguenced genomes)

e ftp://ftp.ncbi.nih.gov
Index of ftp://ftp.ncbi.nih.gov/genbank/genomes

Up to higher lewvel directory

L thalisna 10/17/2003 0:00:00

ruqﬂnopheles e iae 5/7/2Z002  0:00:00

Bacteria 4/7/2004 13:28:00
C elegans 6/14/2002 0:00:00

rMTD melanogaster 10/19/2000 0Q:00:00
H sapiens 4/15/2004 0:23:00
rMWLeptDspira interrogans serovar Copehhageni 3/22/2004 17:40:00
((TMITOCHONDRIA 11/2/1999 0:00:00 hs_phsO.fna.gz Survey sequence (app
hs_phsl.fna.gz Unordered contigs (e3
M musculus 5/12/2002 0:00:00 hs_phs2.fna.gz Ordered contigs (eac
[(r falciparum 5/11/1999 0:00:00 hs_phs3.fna.gz Finished sequence
rxTPlastdium falciparum 10/11/z002 0Q:00:00

e Index of ftp://ftp.ncbi.nih.gov/genbanlk/ s/H_sapiens
EEADME OLD ndex o p pnc L.nl gﬂ" gen an genﬂmE‘j _S -lpl'e“15

F norvegicus

Up to higher lewel directory
rMWS cerevisiae \
READHME 2 KB 10/17/2003 0:00:00

e
I_th phasel.fna.gs 94405 KB 4/14/2004 21:36:00

[y
I_th phasel.fna.gz 606370 KB 4/14/2004 22:35:00

"
I_th phasel.fna.gsz 45487 KB 4/14/2004 z2z2:39:00

e
I_th phasel.fna.gz 1090520 KE 4/15/z004 0:23:00




“The second wave of synthetic

biology.: from moadules to systems”

€ Post-translationally based modules

a Transcriptionally based modules b Translationally based modules

Arabinose
O

_-*;1F’..m_m araC w7 wHEP__ Ll vemefp (i

Ligand

RMA device Aptamer

Catalytic region
o &l Sensor Stes-Leu
=~ ipper
—| GFP FLF.V.¥. V.0

1l

o

MSGS | Wi

.f;'| Pore [STES-Leu Zipper —
F lacl y IPTG o
AP aa| O 7 © becomd  O=go=0 OG0 O=gp=0 o [Fam] CFPr
NAND NOR AND
124 50 - -
o Positive

= A Z £ 4p « feedback
. | ¥
S N\ thee Tc NAND NOR  AND o E o] - ; t : WT
[ Tl c 2
s 1. A A I3 - - 54 81 00 28 1
RS ARN LR SR SR 29 207
g V) sy /2 Al /-" — + 43 20 &l 25 ] Negative
T 4\ FWri s =
N \J W R . - 59 1 7.0 2 feedback

L) T T — T T ] ) ) ) 01— T T T T 1

0 50 120 150
° o_ 50 . £ 00 00 262 o
Time (min) Tirne {min)

“The second wave of synthetic biology: from
modules to systems,” Purnick PEM, Weiss R,

Figure 1| Modules based on transzcriptional, tranzlational and post-translational control. a | The dual-feedback

Nature Reviews Molecular Cell Biology, Vol 10
Iss 6 P410-422 Jun 2009
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Using Increasing abstraction, performance
characteristics, datasheets -- like

Integrated circuits (IC’s

BBa_FZGZO coo [N IIq

30C;HSL — PoPS Receiver

Mechanism & Function / Component Parts \
A trangcription factor (LuxR) that clive in the presence .

of & celbcell signaling molecule {30CHSL) is controlled by w ﬂ ]

a regulated operalor (Pugoa) Device input is 30C:HSL. . I
Device output is FoPS from a LuxR-regulated operatar. If RO040 BOo03d CODSZ  BOOIS RO0S2 bRALEALERd
usad in a cell containing TelR then a second input such as Pust RBS A Term, Puas
aTc can be used to produce a Boolean AND function.

Static Performance® Dynamic Performance*
[ 5 60 5
 Populason Mo
_ Golony Fiangs T
S007| —Hill Egistien B

,
g

¥
§

16
Vr'kf:’:w ‘oynthesis rata (Low Input)

i * GFF wynik

[ —————
3

GFP aysthesia rae {moleoues ool * 877}
x

http:fipartsregistry.org/Part:BBa_F2620 |

OE-00 {E-40 {E-00 %ﬁmlﬁ {E-88 {E-05 {E-84 -0 L] ] Ym:?—'.q 0 an -] f‘ . .
= - L oos o ... represent quantitative
out '%:[%% zw:_'s‘:.::: aec:cﬂHsl_ gga:g'gggg Ss:;wms ;m\e ) ﬂ;1 min . . . .
[BOCHSL .~ 4% Inputs: 0 M (Low), 1E-07 M (High) 30C;HSL characteristics of b|0|0g|ca|
"{;“.‘ °°"::‘::'““'“" . Retabliy™ g devices in the form of a
5 e 1. 3 datasheet and
1 ops . (=] . .
B —omim| . o demonstrate it on a device
2 =0l :L::__H.!L / ad = . .
. i/ : g composed of BioBrick
f ‘ g
. 7 parts. ( )’

OE-00 {E-40 {E-00 IE-38 {E07 {E-08 {E-06 IE-84
Lk Genstic: =82/=56 culture doublings.
Parformance:  ~92/~56 culture doublings
Part Gompatibility (qualitative) L A
fhigh L during propagat
Chassis:  MC4100, MG1655, and DH (owefhigh npust during p on)

Plasmids: pS83K3 and pSB1AZ
Devices: E0240, E0430 and E0434

Conditions (abridged)

Qutput: PoPS measured via B8a_E0240
; o
Transcriptional Output Demand (low/high input) gﬂm i’;;paﬁ;@”‘eﬂ M9, 37°C (Ca nto n , L a b n 0’ E n dv
Nucieotides: 0 | 6.6xNiudectides celt' 5! Chassis: ME1655 .
Palymerases: 01 1.5E=1xNt RNAP cell-! “Equipment.  PE Victord multi=well fluorimeter 2008 REfI neme nt an d

(Nt = downstream transcript length) **Equipment: BD FACScan cytometer

standardization of
ROl Reoisty of standariiiblogtta pars S I TRRNNEN synthetic biological
parts and devices.)

which includes 2

The datashes! o
of the recedver is als

 device. The descript
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Graphical layout, design and
‘brogramming’, cellDesigner

tutorial at: http://celldesigner.orq/~funa/CellDesignerTutorial2007.pdf

Faiasiatess | Fuinetiors | Usin Tl

Ptk A el

s N Lo 0 IR 1 Tnaide 3 T
PROTHTT[p.r. p e 1 IREEHE AT (i

Figure 3. The CELLDEsIGNER interface provides an ample selection of graphical elements and editing options to design biochemical
and mathematical models. The repressilator is represented in CELLDESIGNER's graphical notation, a derivative of SBGN. The
raised window is the editing form for the kinetic law of a single reaction.




Graphical layout, design and
‘brogramming’, CellDesigner 2

Model representation

Software tools

Standard representation
method of biological
models




Nanobots to treat NK leukemia cells

DNA scaffolds and
cell-surface receptors

Software, etc. for DNA

+ L

origami, scaffold design [EEENEECE:

Figure 1 — Design and TEM analysis of an aptamer-gated DNA nanorobot. The device transitions from
its closed state (a) to open (b) when aptamer-based locks are displaced by binding to an antigen key (c).
Payloads such as gold nanoparticles and antibody fragments (d) can be loaded. Removable guide staples (e)
aid in initial folding to high yield. Electron micrographs show the nanorobot with different payloads and
conformations. Scale bars 20 nm.

/nc"‘b\ Unlockad

2,3, 4 5
0100 10 10 10
HLA-AMDC
| |

0 1

Figure 2 — Flow-cytometric analysis of nanorobot selectivity in a complex mixture. (a) NKL and Jurkat
cells were mixed, labeled with FITC-anti-human CD3¢ and incubated with robots loaded with APC-anti-human
HLA A/B/C Fab' for 30 min. Locked robots remain inactive. (b) Unlocked robots react with both cell
populations. (c), Gated robots react only with the cell population expressing the proper key.




23andMe, NextGen seguencing and
SynBio get together

e 23andMe version 3 uses

Pro S Mol les to discover novel nd trait as
with optimized tag SNP content and industry-leading pricing.

lHlumina

HumanOmniExpress
BeadChip SNP chips

($250/sample)

e Genome Wide Association
Studies

The HumanOmniExpress (OmniEx-
press) BeadChip delivers superior
power for genome-wide association
studies (GWAS), providing high sam-
ple throughput and comprehensive
genomic content at the industry’s
best price. Using the proven iScan
System, this twelve-sample BeadChip
offers unrivaled throughput of thou-
sands of samples per week—the ideal
solution for processing the greatest
number of samples within a given
budget. Optimized tag SNP content
from all three HapMap phases has

been strategically selected
the greatest amount of varial
drive the discovery of novel associa-
s with traits and diseases.

The OmniExpress BeadChip
includes convenient kit packaging,
a streamlined PCR-free protocol,
and integrated analysis software to
provide a comprehensive DNA analy-
sis solution. With|the highest data
quality and best content, including
full support of copy number varia-
tion {CNV) applications, this powerful
genotyping tool allows you to make
more meaningful discoveries and
publish faster.

The OmniExpress BeadChip is
also the basis of the 2010 GWAS

DMA input sample

Instrument sup)

Array pr g throughput? = 1,400 samples p
Infinium® HD

product roadmap, which will provide
researches favorable pricing and
future access to five million variants
per sample, including broad coverage
of rare variants identified by the 1000

Genomes Project.

ADDITIOMAL IMFORMATION
For additional information on the
Omni family of microarrays, visit
www.illumina.com/gwas.

<D median

calls and TNV analysis

lumina, Irc.
‘Customer Solutions
0885 Tc - Drrive




More new CAD/BIOCAD software tools

e ‘Matter compiler’

 Thingiverse, cheap 3d printers, laser
cutters, Shapeways, personal fab
technology, makerbot, etc.

e AutoDesk, EugeneCAD,

ClothoCAD

e RepRap — exponentially
scalable matter compiler
/extruding 3D printer




e Movie at:
http://www.molecularmovies.com/movi
es/berry _apoptosis.html

Apoptosis Maya Animation by Drew Berry OSCON Data — Portland, OR




Biological “simulators”

NAMD — and other molecular dynamics, etc.

Mixed Quantum Mechanics/Molecular
Mechanics (QM/MM/...)

Biological pathway/chemical reaction
simulators/optimizers

Many projects on gene network analysis,
stochastic simulation, etc.

OSCON Data — Portland, OR




Design of bio/chemical devices from
(1) first principles and functional
abstractions and (2) from data

Bio/chem/phys first principles
and functional abstractions
OSCON DATA — Portland, OR




How and where these data are
used, or made usable

e Randomized clinical trials

e Biomarker development, genomic tests
In CLIA certified labs

e Licensing to other companies for
marketing and development

OSCON Data — Portland, OR




Tools that are used to analyze

e R (1), BioConductor

e Biostatistics, Matlab

e Python

e Chi-square tests,

permutation tests, Monte Carlo resampling

e Parametric statistics, nonparametric
statistics, generative statistics

e Statistical learning theory, online learning

OSCON Data — Portland, OR




Approval of processes for
cellular therapies/treatments

 FDA approval for process, not for
drug/biologic/device

“...progress on the development of a new experimental MCL treatment called
Immunotherapy, in which a patient’s own immune cells are collected from the
bloodstream before ASCT, treated in the laboratory to have antitumor activity,
and reintroduced into the body after ASCT. The goal of this immunotherapy is
to reduce the likelihood of relapse after transplantation. A major challenge of
Immunotherapy is getting the transferred immune cells to persist in the body
after the transfer. In preclinical studies, Dr. Jensen and his colleagues found
that using a certain subset of immune cells called central memory T-cells in-
creased the likelihood that the transferred T-cells will persist.”

Report from the Lymphoma Research Foundation, Spring 2010, Volume 8,
Number 1 OSCON Data — Portland, OR




BRI .o
COOPERATIVE b|0pharma CO'Op

e You own your own cells, therapies based off your
own cells should be yours in the co-op.

e |If a biopharma company cures your disease, they
lose a customer, who is cured.

2 weeks and
$1000 in lab resources

IE—

OSCON it Portland OR




Cancer 5-year survival rates, US

Lung and bronchus

*

Prostate

Breast (female) & &

Colorectal

4

o
5
u
=
]
-
W
a2
Q

Non-Hodgkin lymphoma Melanoma
* *
FPancreas

&
* Urinary bladder

Ovary & * Leukemia

a0 40 ED a0 TO
Five-yearsurvival (%), 1996-2004

OSCON Data — Portland, OR
Division of Cancer Control and Population Sciences, 2008




Non-profit clinical research
organizations (CRQO’s)

e Randomized trials

e A melanoma trial with 1,000 patients
costs $60M in CRO expenses

e A 10,000 patient chronic obstructive
pulmonary disease (COPD) costs $240-
$250M in CRO expenses

OSCON Data — Portland, OR




More medical foci of SynBio

e Oncolytic viruses

 RNAI for HER?2 In breast cancer (also an
IGEM team project)

e Designed, logic, and ‘programmed’

 Not computational devices but use logic
and/or procedures

OSCON Data — Portland OR




Using data to engineer therapies
or cures for genetic diseases

e (N Ao IESENE Ao BN Ao IEEENE Ao IESEMI

THEN
RELEASE PROTEIN INITIATING APOPTOSIS IN THE TUMOR CELL




More biological nanobots

e Tetrahedral robots, made from biological or organic
substrate: 12Tet Tetrahedral Rover Robot

http://www.youtube.com/watch?v=txZMLS7YDG6




More biological nanobots, 2
DNA Origami

CON Data — Portland, OR




Energy, biofules, and bioreactors

“The oil multinational, despised by green activists for its support of
scientists skeptical of climate change, plans to invest $600 million (£370
million) in a joint venture with Mr Venter’s company, Synthetic Genomics. The
thinking is that algae is a more efficient source of fuel than conventional
biofuels, such as ethanol made from corn or sugar cane and biodiesel made
from wheat or palm oil. Algae can be processed into fuels similar to petrol
and diesel — and it consumes carbon dioxide as it grows.

According to Exxon, the yield of biofuel from algae is 2,000 gallons per
acre, more than three times that of biodiesel from palm oil and eight times the
ethanol yield from corn. It is also believed to have the edge over other
biofuels because of its suitability for use as a jet fuel. “The real challenge to
creating a viable, next-generation biofuel is the ability to produce it in large
volumes,” Mr Venter said.’
via http://www.timesonline.co.uk/tol/news/environment/article6710846.ece

OSCON Data — Portland OR




Biological light sources

E.glowli: a bioluminescent future

U Cambridge, IGEM 2010 team

OSCON Data — Portland, OR




Biological memory

Use Numbers to Represent |
the Letters

Change to Quaternary

From ASCII Table Mumbers

- =105 + 105 — 1221
- 6=71 - 71—~ 0113
« E=z69 + 69 — 0111
- M=77 = 77— 0131

1GEM — 1221011301110131

Use“A, T, C & G” to Represent
the Numbers

. e
w N RO
L ]
an-r»

iGEM — 12211011301110131
— ATCTATTGATTTATGT

Parts desig

R’
DNA

Message gene template (438bp)
Synthesized DNA

Message

K361000 [|Rci site-specific recombinase (1155bp)
Synthesized DNA (rci gene sequence of E.
coli (strain: K-12))

Rci system (1484bp)

k361000 B0012 Boo11 |°lac promoter
*ribosome binding site

CUHK, IGEM 2010 team

Capacity

Ix CONGRESS. Jowy s i

If insertion size per cell is 1kb

' The United States
Declaration of
Independence

. 18 cells!!!

Bio-hard disk

Storage
Hard disk 2000GB
1 gram E.coli 900,000GB

1 gram(wet weight) of E.coli

2 TB hard disk







Microbiome Engineering

e Use the microbiome to produce therapies
for existing diseases in controlled,
continuous ways: Insulin for diabetics,
iInterleukin 10 for Crohn’s disease, etc.

e Highly competitive environment: microbe

needs orthogonal edge to survive

Uiy i )
11 b I_‘_"‘"
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And so forth... and biology

e PolySilicon and biology

e SynBio in chemicals industry — cleaning,
refinement, scalability, sensors, etc.

OSCON Data — Portland, OR




Conclusions

Wide ranging implications to existing problems in
health, engineering, energy, manufacture

Particularly for human healthcare, genomic research
on diseases, data-aided design and testing

New manufacture processes for new biologically-
designed constructs

http://www.linkedin.com/in/russellhanson
http://twitter.com/russell hanson
http://www.russellhanson.com/
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