Global Industry Coalition
Submission of Information on Synthetic Biology
Ref: SCBD/SPs/DC/DA/MW/86375 of 16-March-2017
16-June-2017

The Global Industry Coalition (GIC)1 is pleased to make the following submission of information on
synthetic biology in response to the request of the Executive Secretary2 for “information and
supporting documentation” on six topics elaborated in Decision XIII/17 of the Conference of the
Parties to the Convention on Biological Diversity (“CBD”) of 16 December 2016.3 In this submission,
the GIC provides a summary of its views on synthetic biology in an introductory section, then
addresses topics A-F outlined in the decision and notification.

Introduction and Background for this Submission
The GIC is of the view that synthetic biology is part of the continuum of biotechnological
development spanning more than four decades since recombinant DNA applications became
feasible in the 1970s. Synthetic biology is not a new scientific field or paradigm, rather “synthetic
biology” is an umbrella term encompassing accumulated and constantly advancing knowledge and
understanding in biological engineering4. The scientific literature shows that the term is used to
represent a heterogeneous mix of activities spanning established (and re-labelled) biotechnological
methods, to biotechnological innovations5. For example, “synthetic biology” ranges from genetically
modified microorganisms developed using established recombinant DNA tools for the production of
chemicals6, to early research concepts such as xenobiology7. As a consequence, no international
consensus has been reached, or is likely to be achieved, on an operational definition of “synthetic
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biology”, and the GIC believes that it is not possible to define it in a way that is meaningful and
future-proof for the purpose of the discussions under CBD.

Biotechnological approaches, and any resulting living organisms, that may be labelled (or re-labelled)
by some as “synthetic biology” are subject, where appropriate, to the range of existing national,
regional and international regulatory mechanisms that apply to biotechnology. Where the product
of a “synthetic biology” approach is non-living, e.g. chemicals and pharmaceuticals, it will be
regulated, as appropriate, by existing applicable sectorial regulatory regimes governing their safe use
and trade. These views are shared by many Parties that are engaged in synthetic biology discussions
under the CBD. This submission primarily focusses on genetically modified/engineered organisms,
or “living modified organisms” (“LMOs”), used in/resulting from “synthetic biology” approaches, as
these are the predominant subject of current discussions under the CBD.

The Cartagena Protocol on Biosafety to the CBD (“Cartagena Protocol”), including its risk assessment
and risk management provisions, provides an international regulatory framework for releases of
LMOs into the environment. The GIC believes that the examples of “synthetic biology” cited in the
current CBD discussions and the scientific literature are within the scope of “biotechnology” as
defined by the CBD, and “modern biotechnology” as defined by the Cartagena Protocol.
Furthermore, living organisms resulting from certain “synthetic biology” applications are LMOs as
defined by the Cartagena Protocol. The GIC wishes to point out that in previous synthetic biology
work under the CBD, and on risk assessment under the Cartagena Protocol, experienced biotech
regulators could not identify specific examples of current and foreseeable synthetic biology
applications that presented novel regulatory challenges or biosafety risks that could not be managed
using established regulatory approaches8. These approaches are consistent with the Cartagena
Protocol and have been used for more than 20 years in the assessment of biotech crops for release
into the environment.

The GIC welcomes the invitation to submit information based on evidence which draws on realworld experience, and emphasizes that an extensive body of knowledge and expertise exists for
products of biotechnology, both for contained use and for release into the environment. The GIC
encourages Parties and other governments to share their actual results and experience, e.g. through
8
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the Biosafety Clearing House (BCH), to contribute to ensuring that synthetic biology discussions and
decision-making under the CBD are informed by evidence and scientifically sound. The GIC hopes
that this information submission will assist the deliberations of the Open-ended Online Forum and
the Ad Hoc Technical Expert Group on Synthetic Biology, and that an appropriate course of action is
taken in any future work on synthetic biology under the CBD. The GIC wishes to emphasize that such
work should be focused on realistic applications and timeframes, and informed by relevant realworld experience, credible and peer-reviewed scientific evidence, and actual examples of
biotechnological developments in areas that are likely to have adverse effects on the conservation
and sustainable use of biodiversity. Such an approach would help to build better consensus and
understanding of the issues amongst parties, reduce the complexity and ambiguity of the discussion,
and focus action towards appropriate risk governance of the field.

A.

Research, cooperation and activities noted in paragraph 9 of decision XIII/17

In response to the activities laid out in paragraph 9 (subparagraphs 9(a), 9(b) and 9(c)) of decision
XIII/17, the GIC believes that it is unnecessary to start work on the development of guidance on
assessing potential benefits and potential adverse effects of organisms, components and products of
synthetic biology. We do not see the differentiating characteristics of the current and foreseeable
applications of “synthetic biology” with those of “biotechnology” (as defined by the CBD) and
“modern biotechnology” (as defined by the Cartagena Protocol). As detailed in Section B below,
many of the benefits aspired to for “synthetic biology” and the potential adverse effects claimed by
some are not new or unique – they are the same as that postulated for biotechnology since the
1970s. Furthermore, benefits have been realized with the use of biotechnology (see Section B
below), and potential adverse effects managed according to established risk assessment and risk
management processes (detailed in Sections C and D below).

We also emphasize that working on updating and adapting current methodologies for risk
assessment of LMOs is not warranted unless and until credible evidence is available from actual
applications demonstrating that existing regulatory frameworks and risk assessment methodologies
are inadequate for products of “synthetic biology”. In previous synthetic biology work under the
CBD as well as the Online Forum on Risk Assessment and Risk Management under the Cartagena
Protocol9, regulators experienced in assessing LMOs concluded that existing risk assessment
approaches remain adequate for applications that may be considered “synthetic biology” (see
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Section C below). Furthermore, these same experts were unable to identify existing or realistically
foreseeable LMO that could not be managed using existing approaches. This expert position
demonstrates an absence of gaps in existing risk assessment processes. It was also evident in these
Online Forum discussions that there are knowledge gaps due to a lack of, or incomplete
understanding of, the existing regulatory framework and risk assessment approaches for LMOs.
Such knowledge gaps do not require the establishment of new or updated risk assessment guidance,
but rather a better understanding of existing provisions.

As we note above and discuss further below, there is a substantial body of knowledge, experience
and expertise with environmental releases of LMOs that is relevant to the consideration of the
potential environmental impacts of LMOs resulting from “synthetic biology” applications. The GIC
strongly supports efforts to promote the exchange of information and sharing of experiences in
synthetic biology discussions under the CBD, particularly by regulators and other stakeholders that
are involved in the development and assessment of biotechnological products. This will contribute
to a better understanding amongst Parties and other governments of realistic potential benefits and
adverse effects that “synthetic biology” may bring based on relevant factual evidence and real-world
experience. The most effective approach to identifying any potential gaps would be to monitor
biotechnological developments in areas that are likely to have adverse effects on the conservation
and sustainable use of biodiversity. Less credence should be given to broad claims that are not
substantiated by evidence, or isolated examples without context, about potential adverse effects as
such assertions are rarely based on factual information.

B.

Evidence of benefits and adverse effects of synthetic biology vis-à-vis the three objectives of
the CBD

As we have noted in the Introduction, we consider “synthetic biology” to be part of the continuum
of biotechnological development, that examples that have been cited in discussions under the CBD
and in the scientific literature fall within the scope of “biotechnology” as defined by the CBD and
“modern biotechnology” as defined by the Cartagena Protocol, and that living organisms used
in/resulting from certain “synthetic biology” applications are LMOs. For this submission, we have
focused on reviewing the published literature to provide evidence of the actual environmental
impacts of existing products of biotechnology, with plants, particularly agricultural crops, being the
products for which we have the most evidence. We also consider developments in other biotech
sectors, and anticipated impacts of foreseeable biotech products that are in development. Impacts
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are considered in the context of the CBD objectives of conservation and sustainable use of biological
diversity, meaning that only applications with an actual or potential direct or indirect environmental
impact are taken into account.

Biotech crops, developed by the introduction of specific novel traits, have been grown commercially
throughout the world for more than 20 years10. These crops have been developed using the nowestablished recombinant DNA techniques, and the concerns raised today about the potential
adverse effects of “synthetic biology” are the same as those that were raised earlier for
biotechnology as a whole, and for biotech crops in particular. A survey of plant “synthetic biology”
applications in the literature indicates that today, “synthetic biology” is a conceptual approach11,12
for engineering plants, and these approaches remain within the broader field of biotechnology.
Further, we could not identify any examples of plants developed using “synthetic biology” (either
self-defined or identified in the CBD on-line forum) that differ from existing biotech plants.
Examples highlighting our point include bioluminescent plants developed using routine and well
established technology that dates back to the 1980s13,14, also “metabolic engineering” to develop
oilseed “bioenergy” crops15, and the stacking of multiple genes in crops16.

In the CBD discussions in particular, there are also examples of plant products of “synthetic biology”
that do not differ to existing conventional (non-biotech) plants. A case in point is the often cited
example of “new” biotechnologies such as genome editing17,18. However, genome editing is better
described as an enabling tool19, and like recombinant DNA technologies, genome editing may be
used in various applications. Plants developed with certain genome editing methods are comparable
to biotech plants, while others are comparable to plants developed with conventional breeding
tools. Either way, the environmental impacts of such plants will be comparable to those of crops
10
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developed with earlier breeding tools – conventional or biotech. Thus, in our review of the
literature, we have not identified a “new” plant biotech application that presents a fundamental
change from existing biotech or non-biotech plants, and for both there is extensive evidence for
environmental impacts.

CropLife International has compiled an extensive, publicly-available, up-to-date database containing
published literature that demonstrates the benefits of biotechnology in agriculture20. A
representative list of publications from this database summarizing general benefits associated with
biotech crops with broad literature support is appended to this document (Appendix I).

The CropLife International database provides evidence for biotech crops that is directly relevant to
the objectives of the CBD, spanning agronomic, environmental, and safety and health benefits, as
well as developing country and socio-economic benefits (see Section F below for more detail).
Within the database there are currently 258 publications identifying benefits arising from changes in
agricultural practices with the adoption of biotech crops, including improvements in soil fertility,
reduced chemical inputs, and yield improvements. With regard to agriculture in the developing
world, there are 129 publications demonstrating benefits including safer and more effective means
of controlling insect and virus pests that especially challenge farmers in tropic agricultural systems,
and providing small farmers with more secure yields and reducing the pressure to clear land for
agricultural production. It is also shown that between 1996-2015, the cumulative farm income gain
derived by developing country farmers was USD 86.1 billion21.

The literature in the CropLife International database on environmental benefits of biotech crops is
extensive, with 331 publications showing improved agricultural productivity accompanied by
reduced environmental impact. For example, the adoption of herbicide tolerant biotech crops has
reportedly resulted in reduced soil erosion and improved soil quality due to the adoption of “no-till”
and “reduced-till” farming systems, while insect resistant (Bt) crops have reduced impacts on nontarget organisms. These are impacts that contribute to improving biological diversity in agricultural
ecosystems. Changes in agricultural practices have also contributed to decreased greenhouse gas
emissions through reduced fuel use and increased carbon sequestration. Reduced fuel use
attributable to reduced chemical application alone resulted in permanent savings in carbon dioxide
emissions amounting to about 2.8 billion kg (reduced fuel use of 1.1 billion liters) in 2015; over the
20

http://biotechbenefits.croplife.org/.
Brookes G, Barfoot P (2017) GM crops: global socio-economic and environmental impacts 1996-2015, PG
Economics, United Kingdom.
21

6

period 1996-2015 the cumulative permanent reduction in fuel use is estimated at 26.2 billion kg of
carbon dioxide (reduced fuel use of 9.8 billion liters). The additional carbon sequestration in 2015
alone resulting from changed tillage practices is estimated to be equivalent to removing 10.62
million cars from the roads22.

Biotechnology has also been applied in other sectors, with its potential to deliver more efficient
applications in the human health sector recognized since the early 1980s. Advancements facilitated
by improved availability of genomic sequences and understanding of gene function have enabled the
use of engineered microbes for the production of natural compounds such as human insulin and
growth hormone, as well as vaccines, antibiotics, and antibodies with diagnostic and therapeutic
applications23. The majority of these applications involve production and use under contained
conditions, and they are not intended for environmental release. Further, their use in containment
will be subject to established standards for microbial handling, import, transport, storage and
disposal in order to prevent adverse impacts on human health and the environment24,25.

Beyond the human health sector, biotechnological advancement since the 1980s have also
contributed to the establishment of “industrial biotech”, which comprises a diverse range of
applications including biodegradation of waste, and the cost-effective production of fuel, polymers
and other chemicals26, many of which have today been re-labelled as “synthetic biology”. In the
scientific literature, most “synthetic biology” applications involve the use of engineered
microorganisms (e.g. algae, yeast, bacteria) as host cells for the production of compounds, and these
are promoted as having great potential to replace fossil-fuel based production systems for energy,
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materials and chemicals27,28,29. Such biological production systems are considered to have lower
environmental impact than the industrial processes they replace. For example, they may have lower
energy input requirements, reduced carbon dioxide emissions, and may not require extraction of
non-renewable resources30. As such, there is significant investment in these “synthetic biology”
applications, particularly for biofuels31, and they are considered important for economic
development32. While most of these applications involve production under contained conditions,
e.g. in industrial fermenters, and are not intended for unconfined environmental release, their use in
containment will be subject to regulatory procedures for microorganisms under containment
established since the early 1980s33,34. Other industrial applications may utilize outdoor production
systems, and while these are still confined, concerns have been raised in synthetic biology
discussions under the CBD about the potential for escapes of engineered microbes. For example, a
recent report described an evaluation of engineered alga performance in open pond production in
the first trial of its type to be approved by the United States Environment Protection Agency (EPA)35.
This report showed stability of the intended engineered traits, no increase in dispersal ability in the
engineered alga, and no adverse impacts on the diversity or composition of native algae populations.

Another area of industrial biotech that is promoted in the scientific literature as having great
potential is bioremediation36,37,38, and this would involve releases of LMOs into the environment.
Bioremediation utilizes the ability of microorganisms to detoxify, degrade or convert pollutants in
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contaminated environments. As such, release of LMOs into the environment for bioremediation is
relevant to the objectives of the CBD. Many naturally occurring microorganisms have bioremedial
properties, but their use is limited by slow metabolic rates and difficulties with scaling up from
controlled conditions in reactors to field applications. The potential for biotechnology to develop
microorganisms with improved efficacy has been investigated since the 1970s with a field-scale
release of (chemically killed) recombinant microbes reported in 200039. To date, biotechnology has
been used in bioremediation with limited success due to poor microbe competitiveness and ability
to survive in the target environment40. Advances with engineered microbes have also been limited
by the existing regulatory constraints on their release into the environment41,42.

The promise of “synthetic biology” to overcome the difficulties of bioremediation applications has
been discussed in the literature for more than a decade, especially in regard to the ability to
specifically design microbes with improved viability43,44. For the same reason, “synthetic biology” is
considered to be a promising tool for designing improved microbes as biosensors to detect
contamination45. Engineered microbes have also had limited success as biosensors due to poor
sensitivities, selectivity and response rates, however biosensors are typically used in in vitro assays
not released into the environment46. A recently reported example of a release into the environment
is the small-scale research field test of a bacterial sensor strain sprayed onto soil to detect
landmines47. The authors note several challenges to this application, including the viability of strains
in different soils and climatic conditions, mechanisms for reducing the risk of transfer of genetic
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material to local soil bacteria, and removing the bacteria after they have served their purpose, and
highlight the need for further research. It therefore remains questionable whether environmental
releases of engineered microbes for bioremediation and biosensor applications are realistically
foreseeable, given the reported technical challenges. In terms of regulation, microbes engineered
using “synthetic biology” approaches will be LMOs subject to the same stringent regulatory
oversight as microbes engineered using established biotechnological tools.

To conclude, we welcome the invitation to provide evidence of the impacts of current and
foreseeable applications of biotechnology relevant to the request for information on synthetic
biology in the context of the objectives of the CBD. We wish to emphasize the importance of
deliberations and decision-making based on evidence rather than speculation of potential impacts,
whether beneficial or adverse. We also stress the importance of the quality of information used to
inform the debate. Furthermore, there is a growing voice coming from the conservation
community48 counselling prudent caution regarding restrictions on biotechnology that have
potential beneficial applications for conservation. Based on the evidence presented above, and
decades of experience with releasing biotech crops into the environment, it is evident that
biotechnology has provided benefits to agriculture, despite claims by some to the contrary. Debates
on the impacts of applications and products considered to be “synthetic biology” should take this
real-world experience into account.

C.

Experiences in conducting risk assessments of organisms, components and products of
synthetic biology, including any challenges encountered, lessons learned and implications for
risk assessment frameworks

We have established above that we consider “synthetic biology” to be part of the continuum of
biotechnological development, and that examples cited in the discussions under the CBD and
scientific literature are within the scope of “biotechnology” as defined by the CBD, and “modern
biotechnology” as defined by the Cartagena Protocol. Furthermore, we consider the organisms
resulting from certain “synthetic biology” applications to be “LMOs” as defined by the Cartagena
Protocol, therefore the risk assessment principles and methodologies of Annex III apply.
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In Section B above, we note that biotech crops are the products of biotechnology intended for
environmental release for which we have the most experience, and that these have been assessed
according to the principles laid down in Annex III of the Cartagena Protocol. A search of risk
assessments conducted for “LMOs for introduction into the environment” as a part of a regulatory
review in the BCH49 returns 911 records posted by 30 Parties and other governments spanning at
least three decades. Other compilations of information on biotech crops note that 753 approvals for
commercial cultivation of biotech crops that have been granted up to 201650. Information about
approvals and the risk assessments used in granting these can be found on publicly available
databases maintained by the International Life Sciences Institute51, and the International Service for
the Acquisition of Agri-Biotech Applications52. The latter includes more than 400 transgenic events
of biotech crops, trees, fruit species, and ornamental species, and spans more than 20 years53. Also
available in the BCH are compilations of environmental risk assessment literature for biotech plants,
which were submitted by the GIC in 200954 and 201255. An updated list of recent risk assessment
publications (since 2012) is appended to this document (Appendix II).

The risk assessment principles and methodologies in Annex III are derived from the foundational
work of the National Academy of Sciences (NAS) of the United States56 and the OECD57 on regulation
of products of biotechnology. These include: scientific soundness recognizing expert advice, a basis
in scientific evidence, a comparative and a case-by-case approach directed by the characteristics of
the LMO, its intended use and the likely receiving environment. The Cartagena Protocol also requires
proportional risk management measures to prevent adverse effects identified via the risk
assessment. The risk assessment principles and methodologies in Annex III allow for necessary
flexibility depending on the characteristics of the organism, which include its novel genetic and
phenotypic characteristics.
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In 2016, the Online Forum on Risk Assessment and Risk Management under the Cartagena Protocol
held two discussions on synthetic biology: “Submission of views, relevant guidance and sources of
information on risk assessment of organisms developed through synthetic biology” (9-23 May), and
“Possible considerations during the environmental risk assessment of LMOs developed or created
through approaches commonly referred to as “synthetic biology” (13-27 June)58. It was evident in
these discussions that regulators with experience in assessing LMOs consider that existing risk
assessment approaches are adequate for applications that may be considered “synthetic biology”.
Furthermore, these regulators were unable to identify a current or foreseeable LMO that presented
novel risks or that could not be managed using existing approaches.

Potential challenges for LMO risk assessment that have been raised in synthetic biology discussions
under the CBD include the availability of suitable comparators, and increasing uncertainty as a
consequence of increasingly complex genetic modification. However, as we saw in the 2016 online
discussions, concerns about comparators were not expressed by experienced risk assessors; many of
whom noted they had not encountered problems in completing risk assessments. Similarly, the
uncertainties mentioned in these discussions were hypothetical and not experienced in real world
practice of risk assessments conducted to date. More recently, the US NAS undertook a review of
the future products of biotechnology59. In their report, they conclude that irrespective of the degree
of novelty and complexity of a potential product, the risk assessment end-points remain the same as
these identified for existing biotechnology products, however the path to these end-points may be
more diverse or complex.

It is generally accepted in the synthetic biology discussion under the CBD that the “products" of
“synthetic biology” applications, and the “components” used in “synthetic biology” applications are
non-living and therefore not in the scope of the Cartagena Protocol. Actual and potential non-living
products that may be termed “synthetic biology” by some include a range of agricultural and
industrial chemicals (e.g. biofuels, cosmetics), therapeutic goods, veterinary medicines, and food
additives (e.g. flavouring). Such products are subject to a range of regulatory mechanisms, and fall
within the scope of existing regulatory frameworks (where appropriate) covering their safe use (e.g.
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US Food and Drug Administration (FDA) GRAS60, or EU Novel Food directive61) and trade. Regulation
of chemicals is based on an assessment of the product’s properties and not the process by which it
was manufactured. As such, it is duplicative and unnecessary to consider the need for additional risk
assessment requirements due to the use of a biological manufacturing process.

Components, sometimes referred to as genetic elements or “parts”, that are used in, or derived
from organisms developed in “synthetic biology” applications are also chemicals that are subject to a
range of regulatory mechanisms (see Section E below). When an LMO is used in, or is the product
of, a “synthetic biology” application, the components it contains will be assessed according to
existing risk assessment approaches, consistent with Annex III, which requires consideration of the
characteristics of modifications, including inserted nucleic acids and their functions. An often cited
characteristic of “synthetic biology” applications (but not unique to it) is the use of “standard parts”
with known functions62 (see also: BioBrick® parts63; “What are BioBricks” 64; iGEM65). Registries of
“parts” exist that are collaboratively utilised66 by research groups across the world. The use of
standard parts67, and adherence to established and validated protocols68,69, along with transparent
information sharing and recording of experimental outcomes from different laboratories allows for a
body of knowledge to be established for each standard part over time. Therefore, a consequence of
standardisation is a common understanding of the potential risks presented by certain components.
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D.

Examples of risk management and other measures that have been put in place to avoid or
minimize the potential adverse effects of organisms, components and products of synthetic
biology, including experiences of safe use and best practices for the safe handling of
organisms developed through synthetic biology

Where a risk assessment identifies a risk of an adverse effect that is relevant to defined protection
goals, a risk management strategy may be developed to minimize or mitigate this risk. We note in
Section C above that the Cartagena Protocol requires the proportionate (“to the extent necessary”;
see Article 16) imposition of measures to manage risks posed by an LMO, as identified by a risk
assessment conducted according to Annex III. As also stated earlier, organisms resulting from
certain “synthetic biology” applications are LMOs as defined by the Cartagena Protocol, and the risk
assessment principles and methodologies of Annex III apply.

In practice, the types of risk management measures that have been implemented for releases of
biotech crops into the environment have only been necessary in the early phases of testing and not
for commercial releases. These measures range from confinement strategies and restrictions in use
(e.g. small-scale release, physical controls such as greenhouses, fences, isolation distances, pollen
traps), monitoring requirements such as monitoring zones and removal of volunteer plants, record
keeping and reporting requirements, and contingency plans70. Post-commercial (unconfined)
release measures have been used on a case-by-case basis, including the introduction of refuge areas,
crop rotation, weed control, and reporting requirements. The EU, for example, requires of
systematic literature reviews in annual post-market environmental monitoring of authorized GMOs71
for the purpose of supporting evidence-based decision-making72. Examples of risk management
measures can be found in the conditions for LMO field trial release imposed by competent
authorities, or the conditions imposed by regulators for commercial releases of LMOs. Good
examples to consult include the conditions of licenses granted by the Office of the Gene Technology
Regulator (OGTR) in Australia73, and the field trial requirements of permits issued by the United

70

E.g. see Office of the Gene Technology Regulator, Risk Analysis Framework 2013.
EFSA (European Food Safety Authority), Devos Y, Guajardo IM, Glanville J, Waigmann E (2017) Explanatory
note on literature searching conducted in the context of GMO applications for (renewed) market authorization
and annual post-market environmental monitoring reports on GMOs authorized in the EU market. EFSA
supporting publications 2017:EN-1207. 48 pp.
72
Kohl C, Frampton G, Sweet J, Spök A, Haddaway NR, Wilhelm R, Schiemann J (2015) Can systematic reviews
inform GMO risk assessment and risk management? Frontiers in Bioengineering and Biotechnology 3:113.
73
See: http://www.ogtr.gov.au/internet/ogtr/publishing.nsf/Content/ir-1.
71

14

States Department of Agriculture Animal and Plant Health Inspection Service (USDA-APHIS)74, and
the Canadian Food Inspection Agency (CFIA)75. The type of risk management measure(s) used
should be the most appropriate to adequately address an identified risk. In the case of research and
early development releases, risk management measures should also account for uncertainties, and a
combination of measures may be used to ensure a sufficient level of management. The same
approach applies to releases of LMOs resulting from “synthetic biology” applications.

Risk management measures should ideally be consistent, structured, non-discriminatory,
predictable, open, transparent, evidence-based, legitimate, accountable, and, over time, subject to
review76. The Cartagena Protocol is only one of a range of international, regional and national
regulatory mechanisms that apply to biotechnology, and therefore to “synthetic biology”, to assess
and manage risks. These apply to LMOs, and when appropriate, to non-living products when used as
components in “synthetic biology” applications. Examples for measures applicable to LMOs include
the biosafety guidelines of the World Health Organization77, the Centers for Disease Control and
Prevention78, and the US National Institute of Health79. These establish risk group classification
levels for organisms that are assigned on the basis of risk assessment. While these are voluntary
guidelines, they were developed from the 1970s and provided the foundation for regulation of the
biosafety field and serve as models for the development of national regulatory frameworks which
are well implemented80. These guidelines are also regularly reviewed and updated to ensure
adequate coverage of new technological developments. Section E below details additional
regulatory mechanisms that are relevant to managing the risks presented by LMOs.

In addition to risk management measures that may be imposed through formal regulation, there are
other mechanisms that have been developed in order to ensure that biotech activities are
conducted in a responsible way and to provide a form of risk management. These include voluntary
and/or self-regulation that apply to the safe use of LMOs as well as components that may be used in
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“synthetic biology” applications. For example, the work of researchers that belong to an institution
(e.g. university), government laboratory or corporation will be subject to internal
institutional/organizational biosafety, biosecurity and ethics reviews, and additional rules and
procedures. A directly relevant example is the iGEM competition that has a Safety Committee and
requires participants to observe safety rules spanning project design, laboratory safety, and shipping
of components, policies that restrict certain “synthetic biology” applications, and the use of certain
components and organisms81. These institutional requirements aim to ensure that the activities
conducted are meeting the legal requirements for work with LMOs and other biosafety or
biosecurity associated regulatory requirements. They also foster proactive and engaged selfevaluation by researchers, and promote awareness about potential issues.

Biotech researchers are required to comply with institutional/organizational codes of conduct, and
examples exist that apply specifically to biotechnology/synthetic biology. One of these is the IAP
Statement on Biosecurity (2005)82 that was endorsed by 71 member scientific academies throughout
the world engaging in responsible use of the technology and avoiding its misuse. Another example is
the 2009 IASB Code of Conduct for Best Practices in Gene Synthesis (International Association of
Synthetic Biology)83 that recognises the need for safe and responsible use of synthetic nucleic acids,
and implements screening of synthesis requests and customers, as well as reporting of suspicious or
illegal activities. Similarly, the US Department of Energy Joint Genome Institute has a Synthetic
Biology Internal Review procedure84 for DNA synthesis proposals. The purpose of this review is to
assess the broader aspects of the research and also to encourage researchers to more extensively
consider environmental, biosafety, and biosecurity aspects of their project proposals.

Potential risks associated with LMOs and components used in “synthetic biology” raised in the
synthetic biology work under the CBD include biosecurity and dual-use-of-concern. Here, the
biosecurity guidelines of the World Health Organization85 and the Centers for Disease Control and
Prevention86 are relevant to risk assessment and management. For example, the WHO guidelines
comprises an overarching biorisk management approach that builds on existing biosafety guidelines,
standards and norms to minimize or prevent the occurrence and consequences of human error
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within the laboratory environment. Aspects of this include establishing clear roles and
responsibilities, promoting cultures of awareness and responsibility, and strengthened training,
collaboration and emergency responses. Consistent with the WHO biosafety and biosecurity
guidelines, the CEN87 Workshop Agreement on Laboratory Biorisk Management Standard88
developed by participants from 76 countries sets out a biorisk management system that
complements ISO standards and is being transformed into an ISO standard itself.

There are also international treaties89 relevant to biosecurity, and these are supported by
international initiatives. One example is the Australia Group90, which is an informal group of
countries aiming to minimize the risk of chemical or biological weapon production via
implementation of an export licensing system that controls transfers of certain biological agents,
including components containing sequences associated with the pathogenicity of certain human,
animal and plant pathogens. National programs exist also, one example is the Federal Select Agent
Program91 in the United States that oversees the possession, use and transfer of certain biological
agents and toxins on the basis that they have the potential to pose a severe threat to public, animal
or plant health or to animal or plant products. In addition, the US Department of Health and Human
Services (DHHS) developed the “Screening Framework Guidance for Providers of Synthetic Double
Stranded DNA” with the objective of minimizing the risk that unauthorized individuals or individuals
with malicious intent will obtain “toxins and agents of concern” through the use of nucleic acid
synthesis technologies, and to simultaneously minimize any negative impacts on the conduct of
research and business operations92.

The issues of biosecurity and dual-use –of-concern in the “synthetic biology” discussions under the
CBD has included citizen science/the DIY community. Concerns about this community arise from the
perception that enabling tools such as DNA synthesis and genome editing and the necessary
laboratory equipment are affordable, accessible and easy to implement outside of traditional
institutional/organizational laboratory settings. There is published literature assessing the
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capabilities and capacities of this community that generally conclude that the expertise and
technical skills of the DIY community are overstated, and that their activities require minimal
biosafety precautions because these raise minimal biosafety concern93,94. The literature also
highlights the proactive, collaborative and responsible culture of DIY communities in regard to
biosafety95. This is demonstrated by the development of codes of conduct96 and use of support from
biosafety experts97 by prominent groups such as DIYBio. The capabilities of the DIY community were
also assessed by three Scientific Committees of the European Commission98 and the US Presidential
Commission for the Study of Bioethical Issues who concluded that their capacities and capabilities
are limited, with a focus on education and knowledge sharing99, and there is no need to impose
unique limits on them100.

The DIY community should be subject to the same regulatory mechanisms as other scientists
working in biotechnology. These are predominantly implemented at the national level and are
within the responsibility of the relevant competent authorities. The recent review of the future
products of biotechnology by the US NAS101 identified the existence of knowledge gaps with new
entrants to the field, such as the non-traditional DYI community, in relation to understanding the
regulatory system and the applicable regulations, and that it is necessary for regulatory agencies to
address this. A recent demonstration of their extension into the DIY community is the
communication by the Bavarian Health and Food Safety Authority102 about the risk of exposure to
several pathogenic bacteria associated with the use of a specific DIY bacterial gene engineering
CRISPR kit manufactured by a US company103. This case was then assessed by the European Center
for Disease Prevention and Control104. While the risks of people being infected by the contaminating
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strains were determined to be low, it was recommended that suppliers of kits adhere to quality
control procedures, with proper packaging, labelling, and documentation for the transport of
biological materials consistent with applicable WHO guidelines105.

The non-living products of synthetic biology include, for example, industrial chemicals (biofuels,
cosmetics), agricultural chemicals, therapeutic goods, veterinary medicines, and food additives
(flavours)106. All of these sectors have a complex range of long-established regulatory mechanisms
for assessment and managing of risks, and these are discussed further in Section E below.

E.

Regulations, policies and guidelines in place or under development which are directly relevant
to synthetic biology.

An array of regulations, policies, guidelines, as well as self-regulation initiatives directly relevant to
biotechnology and/or synthetic biology exist at regional, national and institutional levels. We
disagree with assertions in synthetic biology discussions under the CBD that the absence of an
overarching regulatory framework that covers all aspects of biotechnology/synthetic biology means
existing regulation is inadequate. Different regulatory mechanisms will apply depending on the
nature of the activity (e.g. research, field trial, commercial production), the type of product (e.g.
LMO, chemical), and its intended use (e.g. contained use, environmental release, medical use), i.e.
products that have applications in human or animal medicine, agricultural crop development and the
production of biofuels will come under the scrutiny of different existing regulatory systems107. Some
of these are detailed in Section D above as they relate to risk management. Listing all of the
regulations, policies and guidelines that are directly relevant to “synthetic biology” is a substantial
undertaking and beyond the scope of this submission. For the sake of brevity, and to provide an
indication of the applicable regulatory complexity, in this section we provide an overview for two
countries (United States and United Kingdom) and one region (European Union). These were
selected because they were among the first in the world to examine these issues for synthetic
biology, and they have substantial investment in “synthetic biology” (or industrial biotech) research.
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In addition, we would like to note the vast record in the BCH of examples of biosafety measures
applied to LMOs by contracting parties and other governments.

In the US, “synthetic biology” is covered under relevant product-based and biotechnology
regulations that were established at the federal level in the 1970s as recombinant DNA technology
emerged, and have undergone a number of revisions since then. In the 1980s, when the first LMOs
were advancing towards field testing, the federal government issued the trans-agency guidance
document: “The Coordinated Framework”, calling for regulation of LMOs via existing legal
frameworks (established to manage non-biotech products). This approach differs to much of the
rest of the world today, with its focus on case-by-case assessment of specific risks presented by the
final product, rather than the process used to create it, and periodic review as technology and
knowledge and understanding of risks develop. The federal agencies that regulate the use and
commercial production of genetically engineered microbes and plants (LMOs), and foods and drugs
(non-living products) include: EPA (pesticides/chemicals), US Department of Agriculture Animal and
Plant Health Inspection Services (USDA APHIS – potential pathogens and plant pests, and veterinary
biologics), and the FDA (food and drugs). Components used in “synthetic biology” applications, and
LMOs used in/resulting from these may also be within the scope of the Select Agent Rules108 of the
Federal Select Agent Program109 (see Section D) that is jointly administered by the Departments of
Health and Human Services (HHS), the Centers for Disease Control and Prevention (CDC), and the
USDA. Other federal agencies are concerned with safety standards in the workplace (Occupational
Safety and Health Administration, OSHA), the interstate transport of hazardous materials, and
export of infectious agents, knowledge or technologies (Department of Transportation, DOT;
Department of Commerce, DOC). Overviews of the applicable US Federal regulations are presented
in the report of the Presidential Commission for the Study of Bioethical Issues “New Directions – The
Ethics of Synthetic Biology and Emerging Technologies”110, the NSF Synthetic Biology Engineering
Research Center (SynBERC)111, and the 2017 NAS report on the Future Products of Biotechnology112.
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The work of “synthetic biology” researchers in the US is overseen by the NIH, with standards for the
safe and ethical conduct of contained research provided by the “NIH Guidelines for Research
Involving Recombinant or Synthetic Nucleic Acid Molecules” (“NIH Guidelines”) 113. The NIH
Guidelines were originally established in 1976, and they are regularly updated (latest review in
2016), including a revision in 2013 to ensure adequate coverage of research with synthetic nucleic
acids114. The NIH Guidelines are regarded as standards to be implemented by the research
community as a whole, even though compliance is mandatory only for researchers receiving NIH
funding. Often other government agencies, such as the Department of Energy, the Department of
Veterans Affairs, and the USDA, require compliance with the NIH Guidelines as a condition of
funding.

The policy issues surrounding synthetic biology in the United States were first examined in 2010
following the publication of the first self-replicating synthetic genome in a bacterial cell115, with the
report of the Presidential Commission for the Study of Bioethical Issues116 concluding that there was
no need to create additional agencies or oversight bodies focused specifically on synthetic biology,
or new regulation or changes to existing regulation. Its report finds that in this application, the
synthetic genome consisted of known sequences and gene functions and was a variant of the
genome of an already existing species, and it was inserted into an already living host cell. This puts
“synthetic biology” into perspective and challenges the notion of “creating life”, which the
Presidential Commission concludes remains remote for the foreseeable future. Their report also
sets out ethical principles and recommendations that guide policy on emerging technologies,
including, amongst others, investment in innovation for advancing public good, promoting a culture
of responsibility in the synthetic biology community, proportionate regulatory oversight, and public
engagement and education based on clear and accurate information.

Also in 2010, the National Science Advisory Board for Biosecurity (NSABB) released the report
“Addressing Biosecurity Concerns Related to Synthetic Biology”117. The role of the NSABB is to
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provide advice, guidance, and leadership regarding the oversight of dual use life sciences research.
In their report they concluded that biosafety can be adequately addressed by the application of
existing practices and procedures, in particular, current risk assessment frameworks. These reports
were followed in 2012118 and 2014119 by US government policies concerning dual use of concern that
again emphasize a culture of responsibility in the scientific community; these reports recognize that
federal agencies can guide biosafety, biosecurity and ethical standards, however implementation
relies on the scientific community in all areas of biological research.

The principles and recommendations of the Presidential Commission report are evident in policy
developments in the UK. The release of “A Synthetic Biology Roadmap for the UK” in 2012120
presented a vision for realizing the potential of synthetic biology by delivering a cutting edge
synthetic biology sector that is economically vibrant, diverse and sustainable, and of clear public
benefit. Core themes of the Roadmap include the need for responsible research and innovation,
including the need for awareness, training, and adherence to regulatory frameworks. The Roadmap
recognizes that regulation of the risks of “synthetic biology” is covered by existing relevant
conventions and legislation, including the Cartagena Protocol, and EU and UK GMO legislation, and
emphasizes that good practice in synthetic biology research requires a culture of responsibility,
awareness and evaluation of risks, and proportionate regulation. In the same year, the Health and
Safety Executive published “Synthetic Biology – A Review of the Technology, and Current and Future
Needs from the Regulatory Framework in Great Britain”121. Its report also determined that the
current UK GMO regulatory framework, with its risk assessment framework, adequately covers
present and near future synthetic biology activities.

The 2012 Synthetic Biology Roadmap for the UK led directly to major public funding and policy
activities, including the establishment of new synthetic biology research centers including the
Innovation and Knowledge Centre (IKC) SynbiCITE122, DNA synthesis facilities, training centers and a
seed fund for innovative companies. In addition, the Synthetic Biology Leadership Council (SBLC)
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was founded to manage the continued growth of this field. In 2016, the SBLC updated the Roadmap
with the publication of the “UK Synthetic Biology Strategic Plan 2016 — Biodesign for the
Bioeconomy”123. This plan builds on the recommendations of the Roadmap, and while it is focused
on accelerating the translation of ideas into economic benefits, it again emphasizes the need for
responsible innovation, which requires the engagement of a range of stakeholders, dialogue based
on balanced and accurate information, and proportionate governance.

On the issue of dual-use-of-concern, policy developments in the UK were aimed at strengthening
implementation of the Biological Weapons Convention124. Throughout the 2000s, the Royal Society,
who is a member of IAP (see Section D) actively supported the development of codes of conduct in
this area, and published a policy document in 2008125. Like the policy documents of the US
government, the Royal Society emphasizes risk assessment, noting that the risk of misuse should be
based on critical and realistic risk assessment and not exaggerated; openness and transparency,
without censorship or prohibition of research simply because it is considered to be dual use;
education and awareness raising, with a focus on the scientific community itself and how it
communicates with the public; and the importance of codes of conduct for building cultures of
responsibility. Similarly, in 2007 the Government Office for Science published “A Universal Ethical
Code for Scientists”126. While this applies to all scientists, its aims include fostering ethical research,
encouraging scientists to reflect on the implications and impacts of their work, and to support
communication between scientists and the public.

In the EU, three Scientific Committees of the European Commission127 concluded that a range of
existing EU regulations for biological, chemical or genetic engineering research and products apply
to “synthetic biology”. In their “Opinion on Synthetic Biology I – Definition”128, they provide an
extensive list of references to applicable European legislation spanning a broad range of fields that
may be relevant depending on the nature and uses of the product, including: GMO regulations; GMO
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medicinal products; biological risks; occupational health; new medicinal products; medical devices;
gene therapy, cell therapy and tissue engineering; clinical trials; cosmetic products; chemicals; and
products intended for food and feed uses. In particular, the safety and regulatory aspects for
“synthetic biology” applications are considered in light of the current EU GMO regulatory
framework.

At the international level, as noted above in Section D, the Cartagena Protocol applies to LMOs
resulting from “synthetic biology”, and additional international, regional and national regulatory
mechanisms may also apply as appropriate. For activities with LMOs in containment these include
the biosafety and biosecurity guidelines of the World Health Organization129,130 and the Centers for
Disease Control and Prevention131. For transport, including transboundary movements, the UN
Recommendation on the Transport of Dangerous Goods (“Model Regulations”) includes LMOs. The
Model Regulations provide a scheme for the harmonized development of national and international
regulations for all modes of transport (road, rail, marine, inland waterway, air), and they are
translated into binding modal regulations132.

The non-living products of “synthetic biology” applications may include chemicals, therapeutic
goods, veterinary medicines, and food additives133. All of these sectors have a complex array of
long-established regulatory mechanisms. For example, at the international level a cursory view
reveals that several treaties apply to chemicals134, along with international bodies135, policy
frameworks136, recommendations and guidelines137 and codes of conduct138. The OECD assessment
of emerging policy issues in synthetic biology concluded that there is no need for entirely new
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approaches where fossil-derived chemicals are replaced with bio-produced chemicals, as the existing
regulatory systems remain adequate139.

To conclude, the examples presented in this section illustrate that a range of existing regulations,
policies and guidelines are applicable to “synthetic biology”, in both CBD Parties (UK and EU) and a
non-Party (US). In the UK and the US, technological advances have triggered reviews to examine
whether current regulatory mechanisms remain appropriate and applicable. It is evident that to
remain effective, regulations need to be periodically reviewed and revised to cover technological
developments, as well as incorporate new understanding and knowledge of risks. It is also evident
that while the multitude of regulations, polices and guidelines can direct biosafety, biosecurity and
ethical conduct, much rests on implementation by the scientific community, and on individual
scientists. This highlights the importance of the themes of the policy documents of the US and UK
that emphasize a culture of responsibility, awareness and transparency. These examples also
demonstrate that the existence of global regulatory frameworks do not necessarily impact on the
development or implementation of regulatory mechanisms for biotechnology. A new international
regulatory framework specifically for “synthetic biology” would only duplicate the mechanisms that
already exist and remain relevant and applicable.

F.

Knowledge, experience and perspectives of indigenous peoples and local communities in the
context of living in harmony with nature for comparison and better understanding of the
potential benefits and adverse effects of synthetic biology.

The GIC does not claim to represent indigenous peoples and local communities (IPLCs), but would
like to take this opportunity to comment on relevant experiences with existing products of
biotechnology that have been reported in the published literature. As we have established above,
we consider “synthetic biology” to be part of the continuum of biotechnological development, and
biotech crops are the products (LMOs) of biotechnology for which we have the most evidence of
impacts. Also, as referred to above in Section C, CropLife International has a database containing
published literature on the socio-economic and developing country benefits provided by biotech
crops.140 This literature reveals that biotech crops have been adopted by more than 18 million
farmers in 30 countries throughout the world, with up to 90% of these farmers being
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smallholders141. Bt cotton is grown by more than 15 million smallholder farmers142 and is the most
studied of the biotech crops in this context. The literature shows that in developing countries, the
adoption of Bt cotton has generated additional income for the small farm sector due to higher yields
and reduced pesticide input costs, and employment for the landless rural poor, who rely on the
labor market for their livelihood143,144. There is also evidence for improved farmer education145 and
improved economic status for women, who are often the most disadvantaged in rural societies146.
Such studies indicate that the adoption of biotechnology can contribute to improving the welfare of
smallholder farmers, and the broader goals147 of decreasing poverty and more environmentally
sustainable agricultural practices.

The GIC would also like to take this opportunity to express our views on issues that have been raised
in this context – and not by IPLCs – in the synthetic biology work under the CBD. This work has
generated robust debate about the impact of biotechnological developments on IPLCs, with a
specific focus on hypothetical examples of how these developments could lead to negative impacts
on income and loss of livelihood. While many of the elements in the CBD synthetic biology
discussion are broadly applicable to LMOs (e.g. safety, ecological interactions), particular attention
has been given to “synthetic biology” as an alternative production method of valuable chemicals
that are currently derived from natural sources, with high profile examples including artemisinin and
vanilla/vanillin. Microbial production of an artemisinin precursor in yeast (artemisinic acid) is
considered to provide a relatively cost-effective, environmentally friendly, high-quality and reliable
source of artemisinin148; however, this has been presented as a threat to farmers of the plant
Artemisia annua which is the common source of the anti-malarial drug. Such claims fail to put the
issue of potential impacts into perspective; artemisinin is an effective treatment for malaria, a
disease that claims more than 500,000 lives each year, and biotech approaches for its production
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were developed to supplement erratic agricultural supply149. There was an extended debate about
vanilla/vanillin in the 2015 Online Forum on Synthetic Biology150, which has been shown to be based
on inaccurate and highly speculative information. Vanillin151 produced by engineered yeast is a
different product for a different market than vanilla cultivated from vanilla orchid pods by farmers,
and it competes with other synthetic vanillin products, of which the majority are derived from a
petrochemical152.

The examples discussed here highlight the importance of carefully considering the accuracy and
relevance of information contributed to synthetic biology work under the CBD. Further, the notion
that naturally sourcing products is more consistent with the objectives of the CBD can also be
challenged153. For example, other agricultural production methods for vanilla plants are being
researched in order to meet quality and quantity demands that also reduce land use154. Moreover,
despite the existence of various sets of recommendations for the conservation and sustainable use
of medicinal and wild plants155, only a small portion of these resources have achieved adequate
protection, for example via conventional conservation in natural reserves or botanic gardens156. We
also point out that the potential economic impacts due to technological developments would be
better addressed in forums other than the CBD as product displacement may occur due to a range of
circumstances that go beyond biotechnological applications.
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