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What Is ‘Synthetic Biolegy’ ?

m [echnical-scIentific, BUL alSera secial-pulliciquestion
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TThe stem cells analog/y (Lartlgue et\all., 2007) "!‘
s minimal functional’ ggngmctln/transplant




“One conseguence ofi progress in the new.
fieldlefi synthetic BIelegy IS an emerging
VIew: @fi Cellsi asiassemlages) ofi parts that
canlve put tegetner te) predlce: 2 organism
Withr ardesiediphenolype:. iat perspeciive
PEFS HE qUESHIeRES FeWeW pas Woellat
lIakee constiuchacellz:=
JoGlass el all; - EssenualiGenes e e MinnmalfEacienuns,
RPINAS; 108, 10 Jan 2006




|s ethics and the social — ELSA - society’s
problem,, thus not science’s ?

BESIC-APRIEC=ZTnE Independent Repulslic of
SCIENCE N (Polanyiy 1962) IaSH IIEENN GECISIVELY. remeyVed

SCIencENIVES ORNITAGIEUEREERENREINISENEE2
COMPIEXAECOMMENCIaISEa 2= as] SsEUNE)

A opolitical ecornory of ororise riow drivies scierice

HEWACERNVENERUEIREXEBFERlEdN (G Ti2lSE) PHeIMISES

accolntaple?s = Wertont “Oroamscdl Scepticismz::
EVidence: 7 (eviaence=rasead . SCIERce Policy 7)
Resilience throughr crtigue andl guestioning thepromises
Competition| (eg race to patent) =X= critigue and guestioning
Scepticism/guestioning =X= Ignerant or degmatic oppesition
IS real p/urality alive andiwellNiREsynkeie; 0r ConvVergence science?



“‘We have long been interested in defining a minimal geneme
that Is just sufficient for cellular life, and have advocated the
approeach ofi chemically synthesising a genome as a means for
testing hypoetheses concerming the minimal set of genes. The
secietall and ethicallimplications of this Werk have heen
explored™ (LLartigue et al., Sceience; siv, 2007)

IS etical-secial analysis addiessed only pessikle oier
WEeapeRSs pProductien, ot gqUESHeRS; Iorexample:

S alelPeSSIkIENackieiconirelidUeerechnplogical
expleauen eilmmaitre scientiic pracice & knowiedge;

S anppliRialtrereircontainmenteiRdiversenpdusirial=scale
PredUCeRISYStemsHiner conbeled aas) o SyRtNene
erganismsWhese: envirenmentalimplicatieons ceuld oe
Severe;

> aboUul creating| societal expectations ofi big-tech’ fixes for eg
climate change, which divert society from other Initiatives.

> Inconsistencies in scenarios, betweenpatent claims and
peer-reviewed publications; have also been neglected.



Intellectual Property Rights Questions:

“Current patenting practices may. already: be restricting
development ofi and aceess te) clinicall applications ofi
genomics, as Well'as academic and Inaustry researchers:
ACCESS| te) genetic Infermation; and reagents. Large-scale
gene Identification) effierts such) as, that Invelveadiin
minimallfgenReMmEe research;, as wellfas other techinelegies
that reguire Use ofi large nNUMBErSs oif GENES
simultaneeusiy (g gene arrays) have great potential te
exacerpate these preblems. A new: regulatory framework
for intellectual property: pertaining te genes;and
organisms IS needed to ensure that public and

commercial interests are protected”
M.K.Cho et al., Science, vel. 2861 (@0xDec 1999), pp.2087-2090
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Synthetic genomes
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Publication number: US2007264688

Publication date:  2007-11-15

Inventor: VENTER J C (US); SMITH HAMILTON O (US); HUTCHISON CLYDE A I
(US)

Applicant:
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Abstract of US2007264688

Methods are provided for constructing a synthetic genome, comprising generating and
assembling nucleic acid cassettes comprising portions of the genome, wherein at least one of the
nucleic acid cassettes is constructed from nucleic acid components that have been chemically
synthesized, or from copies of the chemically synthesized nucleic acid components. In one
embodiment, the entire synthetic genome is constructed from nucleic acid components that have
been chemically synthesized, or from copies of the chemically synthesized nucleic acid
components. Rational methods may be used to design the synthetic genome (e.g., to establish a
minimal genome and/or to optimize the function of genes within a genome, such as by mutating or
rearranging the order of the genes). Synthetic genomes of the invention may be introduced into
vesicles (e.g., bacterial cells from which part or all of the resident genome has been removed, or
synthetic vesicles) to generate synthetic cells. Synthetic genomes or synthetic cells may be used
for a variety of purposes, including the generation of synthetic fuels, such as hydrogen or ethanol.
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INSTALLATION OF GENOMES OR PARTIAL GENOMES INTO CELLS OR CELL-LIKE SYSTEMS
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Abstract of WO 2008016380

A method is provided for introducing a genome into a cell or celklike 52
system. The introduced genome may occur in nature, be manmade with — 1
or without automation, or may be a hybrid of naturally occurring and : i J
manmade materials. The genome is cbtained cutside of a cell with minimal

damage. Materials such as a proteins, RNAs, polycations, nuclecid {/

condensation proteins, or gene translation systems may accompany the L
genome. The genome is installed into a naturally occurring cellor into a "
manmade cel-like system. A celklike system or synthetic cell resulting
from the practice of the provided method may be designed and used to |
yield gene- expression products, such as desired proteins. By enabling

the synthesis of cells or cel-like systems comprising a wide variety of

genomes, accompanying materials and membrane types, the provided
method makes possible a broader field of experimentation and '{= T —
bicengineering than has been avaiable using pricr art methods., [ ’




Imagined Tlechnoelogies — containment or
ielease?

“The [artificial] geneme may. e intreduced inte a cellfor a cell-like sysiem.
Exemplany embodiments Include ntreducing suchia geneme inte.a.living
plant; animal; iungal; yeast, mitechendrion, chlereplast, or otier cell o)
erganelie; Whethetin vive; i culitre; or i Giier CiricUmsiances, INeducing
2 genemennioral cellirenm Whichitne naitral geneme: has heen renmeyved,
aned/erintreducing 2 genemeNniera membliane-heuRdVelumerdenvead oy,
any metnod: . Allermatvely e geneme containing ant antibioic resistance
QENE er ouler seleciablermarkercan e Intreducedinieralivinaplant,
animall itneall yeast, mitechondien, chioreplast, or eiher cell er oraanelle
S@ that transiently/ the: cellforerganelle contains heth the ntreduced
genome and Its ewn geneme. Subsequent celller organelle division then
Segregates the introduced genome nio a new daughter cell er organelle:
That cellfor organelle then takes on the phenotype programmed by Its
Introduced genome”

US Patent Application (22 Nov) 2007/0269862, J.Glass et al, “Installation

of Genomes into Cells or Cell-like Systems™ (filed 22 Dec 2006)



Synhio Security. — govermment or self-
iegulation ?

“Existing/lawsiinithe US as well'as moest ether countries do
ROl reguire ceompanies te; scrieen: DINA orders; let alene: turm
deWRI SUSPICIOUS HEQUESTHS) OF report then 1erany: govemment
eI ey such as e UINS S HIRHE gevemmeEnt Were e get
euglNnrthIS areas, it couic dive PUSINESS BVESeast, Says
DavidrReiman(HeadeirUSNaenaliSeIeEnce Advisen/Beand
fior BIoSecuUity s synthelic hIelogy, greup (Science, 316, 22.6.07)

kit weulditake a significant change: In the culture: of
Science and Pusiness to support broad-scale survelllance: of
DNA seguences that people work on. | think it weuld be a
difficult change te make™ (John Mulligan, Blue Heron Corp., June 2007)



Function Questions: unpredicted consequences?

“There could be two explanations fer Why: new: feedbhack
loeps have almoest noe effect on pretein levels. For one, the
dynRamics eliflarge:-scale tianschipiienally reqgulatcd genetic
REWBIKSHIS pPrekakly meKe complicateditianrtnought. e
GINERWEES; analy/Sing langer nEIWoIHKS 19y GECOMPOSING
HEmMNIRLerSIMPIErSURENEWoNKS, asisalaneral Have done,
may/lead ierally CoRcIlSIoNS aeUF W e SUDSYSIEmS
WerkaWitRInrthewnoele: Altermatvely, 1 may e thal
transchiptienaliiegulatien Is |ess Iimperiant than expecied.
Pernaps post-transcriptienal regulatery: mechanisms; that
affect mRNA translation regulate the netwerk te a larger

extent®
M. Bennett and. J. Hasty, Nature; 452, 17 April 2008, 824-5
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