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oriented adjustment of the regulations to practical situations. Scenarios should 
be drawn up to assess the consequences, taking account of unintentional dam-
age to humans, agriculture and the environment. Many risks can be reduced 
by implementing specific mechanisms of synthetic biology, for example, where 
the produced entities are not expected to survive outside the laboratory or do 
not participate in evolution. As an ethical principle, the possible damage (risk) 
must be balanced against the possible benefits (opportunities).

Many bioethicists see genuinely new ethical questions arising from the claim 
of creating new life by means of synthetic biology. These questions concern not 
only fundamental and new aspects of our understanding of life as opposed to 
artefacts or machines, but also the threat to, and value of, living matter and 
thus also to the self-image of humankind.94 However, this hypothesised novelty 
of the ethical issues is contested by other bioethicists who see no need for spe-
cial “synthetic bioethics”95 and regard these questions as facets of known issues 
and wish to treat them as such – known from debates on the production of 
transgenic plants and animals, cloning, creation of chimeras or cell reprogram-
ming as well as assisted reproduction and genetic enhancement. 

Nevertheless, it is beyond dispute that these questions have to be formulated 
by ethicists and then brought to public discussion, which should take place 
before the planned technical advances are made – a platform for structured 
discussions could be set up.

Some hypotheses and goals can be formulated for the future debates.
(1) It is neither the objective nor realistic that synthetic biology will be able to 

create new higher organisms by synthesis or by manipulation in the foreseeable 
future. On the contrary, the goal is the modification and de novo synthesis of 
microorganisms, individual cells and cell populations. Nonetheless, this limited 
objective already poses basic questions regarding the definition of life, and the 
longer-term, at least hypothetical, options should be kept in mind. 

(2) Our everyday preconceived understanding of “life” is determined by a 
number of partly inconsistent cultural and traditional criteria (morphological 
schemes, our understanding of nature – possibly guided by religious beliefs, 
general scientific education). Furthermore, various scientific disciplines with 
their specific research approaches and objectives start from a different under-
standing of life. For example, if the commonly used scientific concept relating 
to the definition of life based on a sustained metabolism, the ability to undergo 
evolutionary modification and to reproduce are generally taken as three nec-
essary criteria for life, then mules, which like many hybrids96 are not capable 
of reproduction, would not fall under the definition of a living organism (and 
would therefore not be covered by animal welfare acts, for example) – an ob-

94	 See, Boldt J, Müller O; Newtons of the leaves of grass. Nat. Biotechnol., 2008, 26, 387–389; 
Boldt J, Müller O, Maio G; Synthetische Biologie. Eine ethisch-philosophische Analyse. 2009, 
Bern: Chapt. 6.

95	 For example: Parens E, Johnston J, Moses J; Ethics. Do we need “synthetic bioethics”? Sci-
ence, 2008, 321, 1449. 

96	 The mule is a hybrid bred from a female horse and a male donkey.
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viously unreasonable result. A properly managed debate with understandable 
and reliable communications that addresses the challenges of synthetic biol-
ogy thus requires a problem-oriented and consensus definition of living matter 
with the clear delimitation with respect to non-living matter. Semantic prob-
lems arise because many representatives of synthetic biology use terms and 
metaphors (for example “living machines”) that appear to blur the boundary 
between living and non-living matter. 

(3) The description of entities should include conceptual differentiation – be-
fore any evaluation – with respect to their properties, their functionalities and 
development potentials, and the circumstances of their origin (through natural 
processes, by synthesis or by genetic engineering). This is the only way to do 
justice to the potential complexity of conceivable forms of living matter.

(4) Moral arguments in favour of producing artificial life are based on the 
anticipated benefits for medicine, agriculture, energy generation or the envi-
ronment, thus making the exploitation of synthetic biology not only permissi-
ble but even advisable. Although synthetic biology is justified by the economic 
advantages and ultimately by the freedom of research, according to the general 
consensus it should, however, be subject to other basic rights such as the right 
to physical integrity.

(5) The following could be included in the fundamental ethical objections 
against applications of synthetic biology:

(a) they inadmissibly intervene in creation or in sacrosanct processes of na-
ture (playing God), 
(b) by producing novel living organisms they destroy the integrity of nature 
or damage the order of living things and species or
(c) we would no longer respect and protect life in an appropriate manner in 
the course of developing “manufacturability”.97

The first two types of objections are strongly based on ideological or meta-
physical premises that are certainly not held by everyone, even within religious 
communities.

(a) Arguments concerning inadmissible intervention in creation or in natural 
processes are based on the religious concept that God alone may create life. 
In this case it is not the possible products of such interventions that are being 
criticised, but the process by which they are produced. But if we accept that 
the world was created by one God, it does not follow that humankind is for-
bidden to create life by artificial means. If it is assumed that all or some living 
organisms have their own independent intrinsic value, this does not exclude 
an extension to life produced artificially. And finally, a plausible case cannot 
be made as to why other profound interventions in nature (such as medical 
treatments) should then be rated more positively than the innovations of 
synthetic biology as a matter of principle.

97	 See, Boldt J, Müller O, Maio G; Synthetische Biologie. Eine ethisch-philosophische Analyse. 
2009, Bern: Chapt. 6.
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(b) Also not convincing in this context are arguments suggesting that there are 
ethical problems regarding the production of novel living organisms, that is, those 
not previously occurring in nature. Thus the concept of nature’s integrity being 
destroyed by humankind alone is hardly commensurate with our fundamental 
experience of nature’s self-destruction, natural aggression, the occurrence of 
endemics, serious illnesses, etc. Moreover, the idea of a fixed and sacrosanct 
order of living beings and species is already contradicted by natural biological 
phenomena relating to changes, intermixing or the extinction of species.
(c) The objection that applications of synthetic biology could have a negative 
impact on our basic understanding of life in general and on the worthiness of 
protecting human life in particular, certainly requires a thorough analysis on 
the basis of its threatening potential, but it does appear to be rather specula-
tive at first sight. 
(6) The debate on the self-regulation of science is also a matter of controversy, 

particularly with regard to synthetic biology. The responsible implementation 
of the freedom of research is taken seriously by the scientific community. At 
the “SyntheticBiology 2.0” conference in Berkeley in 2006, concepts for self-
governance were discussed and presented to the public98. One of the main goals 
was to search for ways in which to find a balance between the free availability 
of data and how to prevent its misuse. However, in an open letter, 35 NGOs 
criticised this self-governance approach as inadequate and called for a wider, in-
clusive public dialogue.99 The letter draws parallels to the “Asilomar Conference 
on Recombinant DNA” held in 1975 at which a group of 140 scientists called 
for self-governance on the basis of the precautionary principle with respect to 
managing recombinant DNA. The effect of this declaration left the oversight of 
genetic technology to a great extent in the hands of scientists for a long time. 
The approaches for self-regulation by the scientific community have not been 
continued since the above-mentioned concept was proposed. 

(7) All these considerations relating to the innovative research field of syn-
thetic biology should be discussed on a comprehensive, interdisciplinary and 
intercontextual basis. This requires supplementary ethical research at an early 
stage as well as critical reflection on the responsible implementation of the 
freedom of research in scientific fields. Furthermore, intensive efforts should be 
made to educate the public early on about the work in the laboratory and about 
the risks and benefits so as to provide a basis for ethical reflection.100

98	 See, Schmidt M, Torgersen H, Ganguli-Mitra A, Kelle A, Deplazes A, Biller-Andorno N; 
“SYNBIOSAFE e-conference: online community discussion on the societal aspects of synthetic 
biology”, in: Systems and Synthetic Biology (Online First Publication, 2008 Sep 18): 11 pages. 
Public declaration from the Second International Meeting on Synthetic Biology (May 20–22, 
2006, Berkeley, CA); http://hdl.handle.net/1721.1/32982

99	 NEWS RELEASE, 19th May 2006, Global Coalition Sounds the Alarm on Synthetic Biol-
ogy, Demands Oversight and Societal Debate; www.etcgroup.org/en/materials/publications.
html?pub_id=8

100	 See also Schmidt M, Torgersen H, Ganguli-Mitra A, Kelle A, Deplazes A, Biller-Andorno N; 
“SYNBIOSAFE e-conference: online community discussion on the societal aspects of synthetic 
biology”. In: Systems and Synthetic Biology (Online First Publication, 2008 Sep 18): 11 pages.
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Appendix

A)	� Genesis of the Statement  
and Members of the Working Group

The three participating organisations (DFG, acatech and Leopoldina) organised 
a joint workshop that was held on 27 February 2009 in Berlin (programme: 
see Appendix B). The speakers and participants laid the foundation for this 
statement with their presentations and contributions to the discussion. This 
statement was drawn up at the conclusion of the workshop by the interdisci-
plinary working group “Synthetic Biology” headed by Prof. Dr. Bärbel Friedrich, 
Chairwoman of the Senate Commission on Genetic Research of the DFG. The 
members of the working group are listed below. The individual parts of the text 
were written in consultation with further experts. This statement was subjected 
to a review process and then adopted by the Executive Committees of the DFG, 
acatech and Leopoldina. 
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B)	 Workshop Programme 

Appendix

“Synthetic Biology” Workshop

Thursday, 26 February 2009 – Hotel NH Berlin Mitte (Leipziger Straße 106–111)

Arrival of participants

19:30 – 21:00 Reception at the Hotel (Prof. Matthias Kleiner)

Friday, 27 February 2009 – Landesvertretung Sachsen-Anhalt (Luisenstraße 18)

09:00 – 09:20 Welcome (Prof. Matthias Kleiner, Prof. Reinhard Hüttl, Prof. 
Bärbel Friedrich)

Part I Moderation: Prof. Jörg Hacker

09:20 – 09:55 Minimal Genomes (Prof. György Pósfai, Szeged, HU)

09:55 – 10:30 Protocells (Prof. John McCaskill, Bochum, DE)

10:30 – 11:05 Orthogonal Biosystems (Prof. Jason Chin, Cambridge, UK)

11:05 – 11:25 Coffee Break

11:25 – 12:00 Genetic Circuits (Prof. Martin Fussenegger, Zürich, CH)

12:00 – 13:30 Discussion (Prof. Alfred Pühler)

13:30 – 14:30 Lunch Break

Part II Moderation: Prof. Bärbel Friedrich

14:30 – 15:05 Ethical Issues (Prof. Paul Martin, Nottingham, UK)

15:05 – 15:40 Socioeconomical Issues (Prof. Ralf Wagner, GeneArt, Regens-
burg, DE)

15:40 – 16:15 Legal Issues (Dr. Berthold Rutz, European Patent Office, Mün-
chen, DE)

16:15 – 16:45 Coffee Break

16:45 – 17:20 Biosafety and Biosecurity Issues (Dr. Markus Schmidt, Vienna, AT)

17:20 – 18:50 Discussion (Prof. Klaus-Peter Koller)

18:50 – 19:00 Closing Remarks (Prof. Rudolf Thauer)

19:00 – 21:00 Dinner – Restaurant “Habel Weinkultur” (Luisenstraße 19)

Saturday, 28 February 2009 – Hotel NH Berlin Mitte (Leipziger Straße 106–111)

Departure
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C)	 Glossary 

BAC: Bacterial Artificial Chromosome; vector used for → Cloning large sec-
tions of the genome in yeast cells, for example Escherichia coli.

BAFA: Bundesamt für Wirtschaft und Ausfuhrkontrolle (Federal Office of Eco-
nomics and Export Control)

BioBrick: Characteristic genetic building block or genetic circuit element.

BMBF: Bundesministerium für Bildung und Forschung (Federal Ministry of 
Education and Research)

bp: Base pair

cDNA: complementary DNA. This is a type of → DNA that is usually synthesised 
from → mRNA by the reverse transcriptase enzyme.

Clone: → Cloning 

Cloning: The process of copying and reproduction of identical individuals. This 
term is used for molecules, cells, tissues, plants (offshoots), animals and hu-
mans. Clones are genetically identical copies.

Codon: Designation for a sequence of three → Nucleobases (base triplet) that 
→ mRNA encodes for a specific amino acid in the genetic code.

de novo: (lat.) from new (from scratch)

DNA: Deoxyribonucleic acid; chemical building block of the genetic material. 
The DNA contains the information required to synthesise all the proteins need-
ed for the bodily functions.

EPC: European Patent Convention

Expression: → Gene expression is the conversion of the information stored in 
the DNA of a gene to produce cell structures and signalling molecules. These 
are often proteins. The expression of genes is a complex process comprising 
many different individual steps. In general, regulation of gene expression at 
various levels of the conversion process can lead from the gene to the particular 
characteristic.

Gene: Section of the DNA that is coded for a particular function, e.g. a protein. 
In addition to the coded areas (exons), the genes also have other regions such 
as introns (non-coded areas) and → Promoters (regulation elements).
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Gene expression: Conversion of genetic information, usually in the form of 
proteins, to build cell structures and signalling molecules.

Genome: Inconsistently used term for the total → DNA of an individual or the 
genetic information in a cell (→ Gene).

Genetic engineering: Bioengineering methods and processes of biotechnol-
ogy that allow specific manipulation of the genetic material (→ Genome) and 
thus of the biochemical control processes in living organisms or viral genomes.

GenTG: Gentechnikgesetz (Genetic Engineering Act)

Gene therapy: → Somatic gene therapy

Gene transfer: The procedure of introducing genes into cells.

GenTSV: Gentechnik-Sicherheitsverordnung (Genetic Engineering Safety Or-
dinance)

GMO: Genetically modified organism. Organism whose genetic material has 
been specifically modified by means of genetic engineering methods.

HADEX-Liste: An exclusion list naming customers (companies, institutions) 
that must not be have access to dual use goods.

IASB: International Association Synthetic Biology

ICPS: International Consortium for Polynucleotide Synthesis

in silico: (based on lat., in silicio, in silicon); processes performed on a computer.

in vitro: (lat.) within the glass (test tubes, in tissue cultures, etc.); this refers to op-
erations outside the organism, as opposed to → in vivo, within a living organism.

in vivo: (lat.) within the living; processes occurring within a living organism.

Insertion: Insertion of DNA sequences into a genome.

kb: Kilobases = 1000 bases

K-Liste: An exclusion list naming countries that should not have access to dual 
use goods.

Mb: Megabases = 1 000 000 bases

Metabolome: Complete set of all metabolites
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mRNA: (messenger RNA ); designation for the → Transcript from a subsection 
of DNA belonging to one → Gene.

NGO: non-governmental organisation

Nucleic acid: Macromolecules made up of individual building blocks, the → 
Nucleotides. See also → DNA.

Nucleobase: → Nucleotide

Nucleotide: Basic building block of a → Nucleic acid (→ DNA and → RNA).

Oligonucleotide: (Greek oligo, few); oligomers made up of a few → Nucle-
otides (→ DNA or → RNA).

PatG: Patentgesetz (Patent Act)

Plasmid: Small, generally circular DNA molecule that is capable of replicating 
independently. Plasmids are found extrachromosomally in bacteria. They may 
contain several → Genes.

Promoter: (originally French promoteur, initiator); designation for a DNA se-
quence that allows regulated → Expression of a → Gene. The promoter se-
quence is an essential component of the gene.

Proteome: Complete set of → Proteins

Ribosome: (Greek Αραβινόζ, arabinos, grape and σωμα, soma, body); highly spe-
cialised complex consisting of proteins and RNA. It plays a central role in pro-
tein biosynthesis: the information stored in the → mRNA sequence is read off 
and used to synthesise proteins.

RNA: Ribonucleic acid; stores information in the form of nucleic acids. Plays a key 
role in the conversion of genetic information into proteins (→ Transcription).

rRNA: Ribosomal RNA

Somatic cells: Cells in the body whose genetic information cannot be inher-
ited by subsequent generations. They make up the majority of cells in the hu-
man body. Only germ cells (eggs and sperm cells) can transfer genetic informa-
tion to the next generation thus forming a so-called germ line (→ Somatic gene 
therapy).

Somatic gene therapy: Application of gene transfer to → Somatic cells with 
the objective of preventing or treating illnesses. In this case, genetic modifica-
tions are not passed on to the offspring.
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Systems biology: Branch of biosciences that attempts to understand biological 
systems and processes quantitatively in their entirety.

Transcript: → Transcription

Transcription: (lat. trans, across, beyond, on the opposite side; scribere, write); 
in biology, transcription refers to the first step of protein biosynthesis that leads 
to the formation of → mRNA; it also includes the synthesis of → tRNA and → 
rRNA. In the transcription process, a → Gene is read off and copied as an mRNA 
molecule, in other words, a specific section of DNA acts as the template for the 
synthesis of a new RNA strand. This process involves the transcription of the 
nucleic bases of DNA (T, A, G, C) into the nucleic bases of RNA (U, A, G, C).

Transcriptome: Complete set of → Transcripts

Transgenic: This is usually a genetically modified organism (→ GMO), which 
contains additional → Genes from other species in its → Genome.

Transposon: Section of a gene that can move to a different position within the 
→ Genome (= transposition).

tRNA: transfer RNA

Vaccine: A biological or genetically engineered antigen, usually consisting of 
protein or genetic fragments of weakened or dead pathogens. Inoculation with 
the vaccine causes specific activation of the immune system against a particular 
pathogen or group of pathogens.

YAC: Yeast Artificial Chromosome; vector used for → Cloning large sections of 
the genome in yeast cells.

ZKBS: Zentrale Kommission für die Biologische Sicherheit (ZKBS, Central 
Committee on Biological Safety)
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