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Synthetic Biology



Science and Society 



Subfields of contemporary SB

1. DNA based bio-circuits

2. Minimal genome
Minimal

3. Protocells 

Minimal

life

5. DNA Synthesis

4. Chemical SB



SynBio related activities

1. SYNBIOSAFE (2007-2008): first European project to 
define and analyse safety, security, ethical and 
science-public interface issues in synthetic biology.

2. COSY (2008-2009) information flow from scientists to 
journalists to the public regarding synthetic biology. journalists to the public regarding synthetic biology. 

3. TARPOL (2008-2010) societal implications of specific 
applications of synthetic biology in the field of 
environmental biotechnology. 

4. Biosafety EU-China (2009-2012) comparative 
regulatory aspects for risk assessment in synthetic 
biology

5. CISYNBIO (2009-2012) science fiction films and 
synthetic biology 



„What I cannot create, 
I do not understand“��

Richard Feynman

But...



„Do I understand
what I can create?“��what I can create?“��
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Risk assessment GE

Host                              DonorHost                              Donor

Transgenic organisms



Risk Assessment SB ?

Chassis                                        bioparts

„synthetic“ organism

Chassis                                        bioparts



Coping with evolution
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Safety engineering

• Safety engineering is an engineering
discipline to identify and eliminate hazards, in
order to reduce the associated risks

• Established subset of systems engineering in• Established subset of systems engineering in
many engineering disciplines



Tashiro et al. 2008
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XNA



Xeno Nucleic Acid: XNA

• TNA: Threose Nucleic Acid, (Schöning et al. 2000,
Chaput et al. 2003);

• GNA: Glycol Nucleic Acid (Zhang et al. 2005);

• HNA: Hexitol Nucleic Acid, (Vandermeeren et al.• HNA: Hexitol Nucleic Acid, (Vandermeeren et al.
2000, Pochet et al. 2003, Herdewijn/Marliere 2009);

• PNA: Peptide Nucleic Acid (Wittung et al. 1994, Ng
and Bergstrom 2005); and

• LNA: Locked Nucleic Acid (Vester/Wengel 2004,
Kauppinen et al. 2005).



Parallel World



Biosafety Conclusions

• Larger biocircuits require new methods of 
risk assessment

• Explore how SB itself may contribute towards 
overcoming biosafety problems by designing overcoming biosafety problems by designing 
safer biosystems

• Explore the potential of orthogonal 
biochemical systems (XNA) for increased 
biosafety. The farther the safer.



SB Biosecurity Issues

• Synthesis of pathogens
• Advanced biological weapons• Advanced biological weapons



Synthetic virus

Science 2002                                                           Science 2005



Challenges and Activities

• Risk of mail-ordered pathogens
• Screening of orders is necessary
• Export regulations and voluntary meassures
• Industry Association Synthetic Biology IA-SB and 

International Consortium for Polynucleotide Synthesis 
ICPS



Advanced Bioweapons?



Overcoming mousepox resistance

„We wanted to warn the general population that this 
potentially dangerous technology is available .... it is not too 
difficult to create severe organisms."



Biosecurity Conclusions

• Continue raising awareness about the dual 
use character of synthetic biology;

• Develop educational modules on biosecurity 
issues and ensure their utilization;issues and ensure their utilization;

• Stakeholder involvement for effective 
biosecurity governance/ oversight system ;

• Support of technical solutions to 
biosecurity challenges.

Kelle 2008



Ethics



SB may raise different types 
of ethical issues

• Ethics based on consequences
– Related to its applications– Related to its applications
– Related to its distribution

• Deontological ethics
– Related to the procedure as such



Application-related

The application in certain areas might affect values 
and norms of our society. E.g.
- Bioweapons- Bioweapons
- SB in human embryonic stem cells
- Human enhancement

Deplazes, Ganguli-Mitra, Biller-Andorno 2008



Human enhancement: non-therapeutic 
application of novel technologies
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Distribution-related





Science and Society



Public Awareness of SB in US

Phone surve, n=1003
Woodrow Wilson International Center 2008



COSY: Communicating Synbio

scientists journalist „publics“



Polarized opinions between groups

positive

Before

negative

After 
discussion



Hype cycle



Science and Society Summary

• Hardly any awareness on SB
– Further studies (Eurobarometer)

• Potential to polarize subgroups of the public
– Critics refuse potential benefits– Critics refuse potential benefits

• Hype-Hope-Crash-Productivity Cycle
– Backlash from impatient innovators, investors, 

public

• Proactive approach, but dialogue instead of 
„announcing the truth“



Recent publications

• BOOK: Synthetic Biology the 
technoscience and its societal technoscience and its societal 
consequences

• Special issue in Systems and 
Synthetic Biology



Documentary Film

www.synbiosafe.eu/DVD



Thank you!




