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(ELENA 0AUL AND 2ICARDA 3TEINBRECHER WARN
THAT THE RAPIDLY DEVELOPING FIELD OF SYNTHETIC
BIOLOGY n WHICH PROPOSES RELEASING ARTIFICIAL
LIVING ORGANISMS INTO THE ENVIRONMENT n IS
RUNNINGAHEADOFTHENECESSARYPRECAUTIONARY
CONTROLS��

3YNTHETICBIOLOGYISPRESENTEDASAPOTENTIALMEANSOF
ADDRESSINGCHALLENGESANDBRINGINGECONOMICBENEFITS
FORSOCIETY�� 5NDERLYINGTHISISTHEUNSTATEDPROPOSITION
THAT PERHAPS SCIENCE CAN HELP POLITICIANS SIDESTEP
POLITICAL AND ECONOMIC PROBLEMS THROUGH NEW
TECHNOLOGIES� 4HERE IS NO AGREED DEFINITION OF WHAT
EXACTLY SYNTHETIC BIOLOGY IS� AND HOW IT DIFFERS FROM
GENETIC ENGINEERING USED TO PRODUCE'-ORGANISMS
SOFAR�(OWEVER�THEDEFINITIONPROVIDEDBYTHE5+2OYAL
3OCIETY IS ONE PLACE TO START� hTHE DESIGN AND
CONSTRUCTION OF NOVEL ARTIFICIAL BIOLOGICAL PATHWAYS�
ORGANISMS OR DEVICES� OR THE REDESIGN OF EXISTING
NATURALBIOLOGICALSYSTEMS�v� 4HELANGUAGEOF@SYNBIO�
IS THAT OF COMPUTING AND THE IMAGES ARE CONCEPTS
FROMENGINEERING�WITHTALKOFBUILDINGNEWASSEMBLIES
OF$.!ONTHEHOLLOWEDOUTCHASSISOFACELL�WHILETHE
PRACTICEISSTILLLARGELYCUT�COPY�MIXANDPASTE��

!LTHOUGH THE PRESENTATION OF SYNTHETIC BIOLOGY IS
BECOMING MORE NUANCED� THE IMAGE OF BIOLOGICAL
COMPONENTS AS PIECES IN A GAME IS DEVELOPING
THROUGH I'%-� A SERIES OF INTERNATIONAL STUDENT
COMPETITIONS FOCUSED ON THE ISSUE�� 3OME ARE
TEMPTEDTOBELIEVETHATWEWILLUSESYNBIOTO@IMPROVE
NATURE�� FOR EXAMPLE� THROUGH THE CREATION OF
ORGANISMS THAT ARE MORE @EFFICIENT�� WITH FUNCTIONS
THATDONOTSERVEAHUMANPURPOSEBEINGDELETEDAND
THOSETHATDOBEINGENHANCED�

5NCERTAINSCIENCE
(OWEVER�FIRSTATTEMPTSHAVEREVEALEDTHATWEDONOT
UNDERSTAND ENOUGH ABOUT GENE FUNCTIONS AND
INTERACTIONSTOBUILDNEWORGANISMSFROMSCRATCH�OR
EVENDECIDEWHICHGENESTOLEAVEOUTOFA@MINIMAL�
GENOME� )T IS LARGELYAHITANDMISSPROCESS�USEFUL
FOR LEARNING BUT NOT RIPE FOR RELEASE� &EW GENES
AND�OR THEIR PRODUCTS ARE INVOLVED IN ONLY A SINGLE
FUNCTIONORACTIVITY�-OSTHAVESEVERALFUNCTIONSAND
INTERACTWITHEACHOTHERINCOMPLEXANDSUBTLEWAYS
INRESPONSETOCIRCUMSTANCES�4HISDEMONSTRATESTHAT
GENOMESAREDYNAMICSYSTEMS�

4OSOMEEXTENT�SYNTHETICBIOLOGY ISANEXTENSIONOF
GENETIC ENGINEERING AND IT CAN BE DIFFICULT TO
DIFFERENTIATEBETWEEN THE TWOESPECIALLYWHERE THEY
OVERLAP� 3YNBIO RANGES FROM SYNTHESISING KNOWN

GENES FROMSEQUENCEDATA TO DESIGNING COMPLETELY
NEW GENES� WORKING WITH ENTIRE GENETIC SYSTEMS
INSTEAD OF SINGLE GENES AND PROCEEDING AT A MUCH
FASTERPACEANDBROADERSCALE�

#ANPOLICYANDREGULATIONKEEPUP�
7ETHEREFORENEED TOASKWHETHERCURRENTANALYSIS�
REGULATION�ANDRISKASSESSMENTMODELSAREEQUIPPED
TODEALWITHNEWANDEMERGINGCHALLENGESPOSEDBY
BOTH GENETIC ENGINEERING AND SYNBIO� ESPECIALLY AS
THE TECHNOLOGIES MOVE FURTHER AWAY FROM GENETIC
ENGINEERING� AS WE ASSUME THEY WILL� (OW CAN WE
UPDATE REGULATION� OVERSIGHT AND MINDSETS TO DEAL
WITHTHIS�

"EYOND OVERSIGHT AND REGULATION� THERE ARE WIDER
CONSIDERATIONS� 4HE DEVELOPMENT OF NEW AND THE
REFINEMENT OF EXISTING TECHNOLOGIES RAISE NEW
SCIENTIFIC� ETHICAL AND SOCIOECONOMIC QUESTIONS� BUT
THESE ARE RARELY ADDRESSED UNDER CURRENT FORMS OF
RISK ASSESSMENT AND DECISIONMAKING� 4HE PUBLIC
ALMOST NEVER HAS THE OPPORTUNITY TO DEBATE THESE
ISSUES� OR WHETHER CERTAIN TECHNOLOGIES SHOULD
CONTINUETODEVELOP�ANDIFSOHOW�4HEREISCURRENTLY
NOMECHANISMTOHALTA TECHNOLOGY THEPUBLICDOES
NOT WANT AND VIEWS AS DANGEROUS� 4HE PROBLEM IS
COMPOUNDED BY THE FACT THAT EQUIPMENT IS
INCREASINGLY CHEAP AND ALMOST ANYONE CAN ACCESS
AND USE $.! SEQUENCES� UNSUPERVISED� FOR ANY
PURPOSE� WITH POTENTIAL FOR DEADLY MISTAKES AND
AGGRESSIVEAPPLICATIONS�

4HERE ARE THUS MAJOR TENSIONS BETWEEN PROMOTING
SYNTHETIC BIOLOGY TO ADDRESS POLITICAL AND ECONOMIC
PROBLEMS AND THE NEED FOR EXTREME CAUTION WHEN
CONSIDERING THE POTENTIAL ENVIRONMENTAL IMPACTS OF
RELEASING NOVEL ORGANISMS� /NE PROPOSED TECHNICAL
SOLUTION IS TO DEVELOP STRATEGIES TO PREVENT THE
SURVIVAL OR REPRODUCTION OF THESE ORGANISMS� &OR
EXAMPLE�WITHBACTERIA�CERTAINFUNGI�INCLUDINGYEAST
ANDMOULDS	ANDSMALLALGAE�STRATEGIESCONSIDERED
INCLUDE CHANGING THEIR GENES TO PREVENT THEM FROM
PRODUCING OR METABOLISING VITAL NUTRIENTS� SO
THEORETICALLY THEY COULD NOT SURVIVE IN THE @WILD��
(OWEVER� HORIZONTAL GENE TRANSFER� A SURVIVAL AND
EVOLUTIONARY TOOL HIGHLY DEVELOPED AND UTILISED
AMONGST MICROORGANISMS� ENABLES THEM TO SHARE
INFORMATION AND QUICKLY REPLACE MISSING OR FAULTY
GENES� "IOLOGICAL CONTAINMENT n INCLUDING 'ENETIC
5SE 2ESTRICTION 4ECHNOLOGIES �'524S	� ALSO CALLED
@4ERMINATOR4ECHNOLOGIES�n INTENDED FORPLANTSAND
ANIMALS� IS A FLAWED STRATEGY AND AN UNRELIABLE
PRACTICE� %VERY ORGANISM HAS A CLEAR INTEREST IN

REPRODUCTIONANDSURVIVALANDWILLTENDTOADAPT�4HE
5.#ONVENTIONON"IOLOGICAL$IVERSITYHASESTABLISHED
A MORATORIUM ON 4ERMINATOR 4ECHNOLOGIES AND IS
CONSIDERING A SIMILAR MORATORIUM ON THE
ENVIRONMENTAL RELEASE AND COMMERCIAL USE OF
ORGANISMSPRODUCEDTHROUGHSYNTHETICBIOLOGY�4HESE
PROVIDEAVITALOPPORTUNITYTOPAUSEANDCONSIDERTHE
IMPLICATIONS BEFORE RELEASING THE PRODUCTS OF SUCH
TECHNOLOGIES INTO COMPLEXANDSTILL LITTLEUNDERSTOOD
ENVIRONMENTS�

!ND THIS IS THE MOST IMPORTANT POINT OF ALL� 7HILE
GENETIC ENGINEERING IS USEFUL FOR RESEARCH� OUR
UNDERSTANDING OF THE ECOSYSTEMS INTO WHICH
GENETICALLY ENGINEERED ORGANISMS AND THE PRODUCTS
OF SYNTHETIC BIOLOGY COULD BE RELEASED� EITHER
DELIBERATELY OR ACCIDENTALLY� IS STILL IN ITS INFANCY�
%COSYSTEMS ARE HIGHLY COMPLEX� DYNAMIC WEBS OF
INTERRELATIONSHIPS THAT WE ARE BARELY BEGINNING TO
UNDERSTANDANDWEURGENTLYNEEDMORERESEARCH�7E
SHOULD OBSERVE AND TRY TO UNDERSTAND BETTER THE
SYSTEMS WE DEPEND ON BEFORE WE RISK RELEASING
SYNBIOPRODUCTSINTOTHEM�7ECANNOTALLOWPOLITICAL
EXPEDIENCY� FACILITATED BY TECHNOLOGY� TO TAKE
PRECEDENCE�7EMUST BEWARE OF BECOMING LIKE THE
PROVERBIALFROGINTHESLOWLYHEATINGWATERnITDOES
NOTPERCEIVETHEGRADUALCHANGEINTEMPERATURE�FAILS
TOJUMPOUTWHILEITSTILLCAN�ANDISFINALLYBOILED�

(ELENA0AULAND$R2ICARDA3TEINBRECHERWORK
FOR%CO.EXUS�APUBLICINTERESTRESEARCH
ORGANISATIONANALYSINGDEVELOPMENTSIN

SCIENCEANDTECHNOLOGYANDTHEIRIMPACTSON
ENVIRONMENTANDSOCIETY�
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