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New and emerging issues relating to the conservation and sustainable use of biodiversity - synthetic biology: possible gaps and overlaps with the applicable provisions of the Convention and its Protocols
Introduction

1. In decision XI/11 on new and emerging issues relating to the conservation and sustainable use of biodiversity the Conference of the Parties took note of the proposals for new and emerging issues relating to the conservation and sustainable use of biodiversity and requested the Executive Secretary to: 

(a)
Invite Parties, other Governments, relevant international organizations, indigenous and local communities and other stakeholders to submit, in accordance with paragraphs 11 and 12 of decision IX/29, additional relevant information on components, organisms and products resulting from synthetic biology techniques that may have impacts on the conservation and sustainable use of biological diversity and associated social, economic and cultural considerations;

(b)
Compile and synthesize relevant available information, together with the accompanying information;

(c) 
Consider possible gaps and overlaps with the applicable provisions of the Convention, its Protocols and other relevant agreements related to components, organisms and products resulting from synthetic biology techniques;

(d)
Make a synthesis of the above information, including an analysis of how the criteria set out in paragraph 12 of decision IX/29 apply to this issue, available for peer review and subsequent consideration by a meeting of the Subsidiary Body on Scientific, Technical and Technological Advice prior to the twelfth meeting of the Conference of the Parties, in accordance with paragraph 13 of decision IX/29;
2. In response this decision the Executive Secretary issued notification 2013-018 inviting additional information on synthetic biology and undertook a review of information in accordance with paragraph 5 of decision XI/12 with a view to enabling the Subsidiary Body on Scientific, Technical and Technological Advice to consider the proposal.

3. This note should be considered as part of the preparatory process on this issue. It complements a  document focusing on potential positive and negative impacts of components, organisms and products resulting from synthetic biology techniques on the conservation and sustainable use of biodiversity. 
4. Please use the template for review of these documents in the peer review section under new and emerging issues (http://www.cbd.int/emerging).
table of contents
31.
Convention on Biological Diversity


3a) Scope of SB’s inclusion within the defined terms of the Convention


3i)  “Biological diversity”


3ii) “Genetic material”


4iii) “Genetic resources”


4iv)  “Biological resources”


4v) “Biotechnology”


5b) Convention provisions that may be of relevance to SB


5i) Biosafety provisions associated with LMOs (Article 8(g) and 19(4))


7ii) Impact assessment (Article 14(a) and (b))


8iii. Access and Benefit Sharing of Genetic Resources (Art. 15)


8iv. Technology Transfer and Cooperation (Articles 16-19)


9c) COP decisions referring to SB


102.
Cartagena Protocol on Biosafety


10a) LMOs and components, organisms and products of SB


10i) Living organisms


11ii) Novel combination


11iii) Modern biotechnology


12b) Possible exemptions to certain provisions of the CPB


12i) Exclusion from provisions of the CPB: pharmaceuticals for humans that are addressed by other relevant international agreements or organisations (Art. 5)


13ii) Exemptions from the Advanced Informed Agreement provisions


14c) Application of Annex III Risk Assessment to SB


153.
Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity


15a) “Genetic Resources” and the components, organisms and products of SB


15i)  Digital information of DNA sequences


16ii) Degree of modification of a genetic resource


16iii) The production of derivatives modelled after natural derivatives


16b) SB and the “utilization of genetic resources”


17references




1.
Convention on Biological Diversity

The objectives of the Convention on Biological Diversity are: the conservation of biological diversity, the sustainable use of its components, and access to genetic resources and the fair and equitable sharing of the benefits arising out of their utilization (CBD Art. 1). This section first examines the scope of synthetic biology (SB)’s inclusion within the defined terms of the Convention. It then considers which of the Convention’s provisions might be of relevance to SB research and products. Finally, it examines the COP decisions that address SB.

a) Scope of SB’s inclusion within the defined terms of the Convention

Article 2 of the CBD includes a list of terms and their meanings within the context of the Convention. 

i)  “Biological diversity” means the variability among living organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and the ecological complexes of which they are part; this includes diversity within species, between species and of ecosystems.
Whether living organisms altered by or constructed using SB are included within the scope of “biological diversity” is an open question. The CBD’s definition of biodiversity includes living organisms “from all sources.” The answer to whether synthetically-modified organisms (SMOs)
 are part of biodiversity may turn on whether a scientific laboratory or other human endeavour counts as a “source.” Guidance might come from the CBD COP’s recognition of agricultural biodiversity, which is shaped and maintained by the activities and practices of humans (COP decision V/5). 

Among the scientific community, there does not seem to be agreement on whether SMOs are included within biodiversity. For example, when SB techniques were used to create a reproductively isolated population of fruit flies, it set off a debate among biologists and taxonomists as to what should count as a “species” (Moreno 2012; Voosen 2012). The US Presidential Commission on the Study of Bioethical Issues raised the question of whether synthetic organisms “increase or decrease biodiversity,” but did not answer it (PCSBI 2010, 71).

ii) “Genetic material” means any material of plant, animal, microbial or other origin containing functional units of heredity.
“Genetic material” includes material from any origin so long as it contains “functional units of heredity” (FUH). FUH are not defined in the CBD text. Because the word “functional” introduces a dynamic element, Schei and Tvedt (2010) argue that “genetic material” can be interpreted in line with contemporary knowledge and technology. When the Convention was negotiated, the general understanding was that FUH distinguished genes from “junk” DNA. Today, however, scientific understandings of heredity have changed dramatically; junk DNA is no longer considered “junky,” and FUH “must be interpreted beyond the gene itself” (Schei and Tvedt 2010, 16).  

The various types of SB research result in products which raise different considerations regarding whether they contain genetic material: 

· DNA-based parts and devices, metabolic pathway engineering, and genome-driven cell engineering – These areas of research involve designing and synthesizing stretches of DNA, RNA, and whole genomes. So long as the resulting SMOs contain DNA, they seem to fall within the category of genetic material. However, the products these SMOs are designed to create, such as pharmaceutical molecules and fuel, would only be considered genetic material if they still contain FUH.    
· Protocell construction – Protocell research aims to create the simplest possible components to sustain reproduction, self-maintenance and evolution (Lam et al. 2009; Sole et al. 2007). Protocell designs usually contain some kind of information-carrying molecule; these could be understood to functionally operate as “units of heredity.” However, some protocell research is attempting to develop cells without the ability to evolve or replicate (PCSBI 2010; Sole et al. 2007; Schmidt et al. 2009). Cells that cannot evolve or replicate might not contain any FUH, in which case they would not contain genetic material for the purposes of the CBD. 

· Unnatural components / xenobiology – As with protocells, research in this area is far from commercialization or use (Sutherland et al. 2013; Joyce 2012). This research focuses on altering the basic form of nucleic and amino acids, for example by creating nucleic acids with novel bases or novel backbones. Whether this would be considered “genetic material” depends on whether XNA, xDNA, and other modified forms of information-carrying molecules would be considered to operate as FUH. One of the hoped-for results of this research is orthogonal organisms whose altered information molecules would lead to semantic containment (see section on biological containment). These organisms may still be able to reproduce themselves, however, so they may be understood to contain FUH.
· Virtual/digital information on FUH - It is an open question whether “genetic material” within the context of the CBD includes virtual/digital information such as specific DNA sequences. In an analysis commissioned by the CBD Executive Secretary, Schei and Tvedt (2010) argue that the informational aspect of FUH is part of a dynamic understanding of the definition. Following Schei and Tvedt’s interpretation, information on the DNA sequences of natural (and likely synthetic) organisms would be considered genetic material.

iii) “Genetic resources” means genetic material of actual or potential value. 

“Value” within the CBD context includes not just economic value, but also ecological, genetic, social, scientific, educational, cultural, recreational and aesthetic values (CBD Preamble). Because the definition refers to actual and potential value, it encompasses the state of art of technology as well as dynamic future realizations of value (Schei and Tvedt 2010).  SB tools and techniques are aiding researchers in discovering new aspects of value in materials (Laird and Wynberg 2012). SB is opening up new ways to capture increased value from genetic materials, and thus may expand the definition of genetic resources. 

iv)  “Biological resources” includes genetic resources, organisms or parts thereof, populations, or any other biotic component of ecosystems with actual or potential use or value for humanity.

Genetic resources are a subset of biological resources. According to Schei and Tvedt, this subset is qualified by “its use captur(ing) either the actual or the potential value of the hereditary elements” (Schei and Tvedt 2010, 10, original stress). Therefore, biological resources used for their FUH – ie, their genetic information – in the course of SB could be interpreted as genetic resources. But biological resources used for other purposes would likely not be considered genetic resources. For example, specific genetic sequences from a sugarcane species added to a yeast genome would utilize the sugarcane as a genetic resource. But the use of that same sugarcane species as feedstock for an SB-engineered microbe to transform the sugar into fuel could be considered the use of a biological resource, but likely would not be seen as a genetic resource. 

v) “Biotechnology” means any technological application that uses biological systems, living organisms, or derivatives thereof, to make or modify products or processes for specific use.
According to the IUCN Guide to the Convention on Biological Diversity, this definition was “designed to include both present and future technologies and processes” (Glowka et al. 1994). The CBD does not define “biological systems,” “living organisms,” or “derivatives thereof.” 

SB is widely referred to as a type of “biotechnology” (Nuffield 2012; Garfinkel et al. 2009; Heinemann and Panke 2006). Much of the SB research and most of its commercialization works with living organisms, and thus would likely classify as biotechnology for the purposes of the CBD. Some SB research does not work with living organisms, such as the chemical synthesis of DNA and work with cell-free biochemical pathways. Whether this is considered biotechnology would depend on the interpretation of “biological systems” and “derivatives.” Additionally, whether work on protocells or xenobiology would be considered biotechnology would depend on the interpretation of “living organisms” and “biological systems,” and whether it was for a specific use.
b) Convention provisions that may be of relevance to SB

The CBD text does not specifically refer to synthetic biology. Depending on the scope of SB’s definition, the following Convention provisions could apply.

i) Biosafety provisions associated with LMOs (Article 8(g) and 19(4))

The majority of the CBD’s work on biosafety has focused on the negotiation and subsequent on-going implementation of the Cartagena Protocol on Biosafety (SCBD 2005). The Convention itself also addresses biosafety, through Articles 8(g) and 19(4). Article 8(g) broadly addresses national means to regulate, manage, and control risks associated with biosafety. Article 19 (4) more narrowly addresses information-sharing relating to transboundary movement of LMOs.

Article 8g commits CBD Parties to, as far as possible and as appropriate, “establish or maintain means to regulate, manage or control the risks associated with the use and release of living modified organisms resulting from biotechnology which are likely to have adverse environmental impacts that could affect the conservation and sustainable use of biological diversity, taking also into account the risks to human health.” Article 19 (4) says that Contracting Parties shall, provide any available information about the use and safety regulations required by that Contracting Party in handling any living modified organism resulting from biotechnology that may have adverse effect on the conservation and sustainable use of biological diversity, as well as any available information on the potential adverse impact of the specific organisms concerned to the Contracting Party into which those organisms are to be introduced.

Therefore, three contentious areas of consideration are relevant in determining whether the CBD’s biosafety provisions apply to SB depends on what are interpreted as “living modified organisms resulting from biotechnology”; the interpretation of “use and release” and “transfer, handling and use”; and the interpretation of “likely to” and “may have” adverse environmental impacts. 



1) “Living modified organisms resulting from biotechnology”

The Convention text does not define “living modified organisms resulting from biotechnology.” According to the IUCN Guide to the Convention, negotiators replaced the term “genetically modified organisms” with “living modified organisms” (LMOs) in order to broaden the scope of obligations from this paragraph (Glowka et al. 1994, 45). Unlike the Cartagena Protocol’s definition of LMOs, the Convention’s use of the term is meant to include organisms whose genetic material is modified through traditional techniques, such as plant breeding and artificial insemination, as well as techniques from modern biotechnology, such as recombinant DNA technology (Ibid). 

Whether an SB organism would be considered an LMO in the context of the CBD might depend on which products of SB are considered to be “living”: 

· DNA-based parts and devices – Designed DNA parts, such as BioBrickstm, are generally relatively short sequences of DNA. Once these DNA parts and devices are inserted into a cell, that living cell would appear to fall within the CBD’s definition of an LMO. However, DNA parts are often mailed as lypholized (freeze-dried) ‘naked’ DNA, such as in the iGEM’s Distribution Kit that goes to each year’s contestants.
 It is an open question whether the Convention’s definition of LMO includes “naked” DNA and plasmids. 
· metabolic pathway engineering – This area of research has focused on transforming microbes, often E. coli or a yeast cell, to produce a specific chemical. The resulting synthetically-altered microbes would likely be categorized as LMOs. The molecules produced by many of these microbes for use as pharmaceuticals, fuel, and other commercial uses, may not be LMOs if they are not living. 
· genome-driving cell engineering – The primary focus of this research is on altering the genomes of microbes. Where the products are living cells, they would seem to be LMOs.
· protocells - Protocells may display some but not all of the characteristics of life (Schmidt 2009). Some scientists anticipate that, because natural forms of “limping cells” rely on other cells (for example, organelles), protocells may be “realized as a mandatory symbiont to natural forms of life before it is able to survive all by itself” (Schmidt 2009, 90). It would be a matter of interpretation whether such a symbiont would qualify as “living.”
· xenobiology/alternative biology – It would be a matter of interpretation whether organisms using different biochemical building blocks would be considered “living.” 


2) “Likely to” / “may” have adverse environmental impacts 

Both Articles 8(g) and 19(4) use probability-based language. An initial matter of interpretation is establishing the thresholds of probability for “likely” and “may.” In the context of SB, two further questions are: what happens when there is insufficient knowledge to fully characterize associated risks; and are low-probability but high-consequence risks included. 

First, there is the question of how to apply Articles 8(g) or 19(4) when there is insufficient information to determine the probability or characteristics of adverse impacts. How well the potential dangers related to SB are known and can be assessed is a matter of disagreement among synthetic biologists, ecologists, industry and civil society. Some synthetic biologists and the Biotechnology Industry Organization have argued that the vast majority of SB research does not present novel risks (de Lorenzo 2010; Erickson et al. 2011). Others, however, are much more cautious about the potential unanticipated risks of SB (Dana et al. 2012; FOE et al. 2012; ICSWGSB 2011; Snow and Smith 2012; Tucker and Zilinskas 2006). In their comment in Nature, Dana et al. (2012) call for a minimal investment of 20-30 million USD in SB risk research over the next 10 years. They state: “No one yet understands the risks that synthetic organisms pose to the environment, what kinds of information are needed to support rigorous assessments, or who should collect such data” (Dana et al. 2012, 29). One of the four identified areas of necessary risk research is how microbes could alter habitats, food webs, and biodiversity (Ibid.). If such uncertainties persist around the potential kinds of impacts, it may be challenging to assess the probability of specific risks. 
Second, there is the question of whether Articles 8g and 19(4) apply to scenarios of “catastrophic” and “existential” risks. A global catastrophic risk refers to an event that could cause serious global damage to human well-being, while an existential risk “could cause human extinction or severe and permanent reduction of quality of human life on earth” (Wilson 2012, 2). Such risks are very often characterized as low-probability and high-consequence. In a March 2013 Science editorial, Martin Rees, former president of the UK Royal Society, identified synthetic biology as a potential existential threat, as did philosopher Bryan Norton at the hearings of the US Presidential Commission on the Study of Bioethical Issues (Rees 2013; Norton 2010). In the situation of low-probability situations that represent serious consequences, the provisions on what is “likely” to have adverse effects and what “may” have adverse effects would need to be interpreted. 

Where Article 8g applies to the use and release of an SB-produced LMO, CBD Parties are to “establish or maintain means to regulate, manage or control the risks” as far as possible and as appropriate. Most of the CBD COP’s deliberations on biosafety have occurred in relation to Article 19(3) and the Cartagena Protocol on Biosafety (SCBD 2005). There has not been specific interpretation of risk management, regulation, or control in the context of Article 8(g). The ICSWGSB recommends that the CBD COP urge Parties to “ensure that synthetic genetic parts and living modified organisms produced by synthetic biology are not released into the environment or approved for commercial use until there is an adequate scientific basis on which to justify such activities and due consideration is given to the associated risks for biological diversity, also including socio-economic risks and risks to the environment, human health, livelihoods, culture and traditional knowledge, practices and innovations” (ICSWGSB 2011, 5).

3) use and release of LMOs / transfer, handling and use

Article 8(g) addresses “risks associated with the use and release” of LMOs. One possible interpretation of this text is that both categories of risks are included – risks associated with the use of LMOs and risks associated with the release of LMOs. The text could also be interpreted to consider only those risks associated with both the use and release of LMOs.

Many anticipated future uses of SB would require environmental release (see Part 2(a(iii)) on intentional releases into the environment), and would thus seem to fall within this aspect of Article 8g. Current commercial and industrial uses of SB are primarily SMOs that perform specific industrial processes (such as enzymes to degrade biomass) or produce specific chemicals (such as yeast producing artemisinic acid). With some notable exceptions, SMOs themselves are not currently on the market or meant for environmental release (see Part 1(d(ii)) on near term and existing products). There are, however, wide variations in the kinds of and degree of containment, from synthetically-modified algae produced in open ponds to micro-organisms used in decentralized bioreactors subject to leakage (Marris and Jefferson 2013). It might be a question of interpretation whether such unintentional (but possibly predictable) releases into the environment would be considered ‘releases.’ 

The text of Article 19(4) on “transfer, handling and use” is simpler, as it covers transboundary movement and not questions of release.

ii) Impact assessment (Article 14(a) and (b))

 Article 14(a) commits CBD Parties to, as far as possible and as appropriate, “introduce appropriate procedures requiring environmental impact assessment of its proposed projects that are likely to have significant adverse effects on biological diversity...” Article 14(b) commits CBD Parties to, as far as possible and as appropriate, “introduce appropriate arrangements to ensure that the environmental consequences of its programmes and policies that are likely to have significant adverse impacts on biological diversity are duly taken into account.” 

As with Article 8(g), these provisions use the language of “likely to have significant adverse effects.” Again, this raises the question of the applicability of these provisions to low-probability / high-impact results, and to instances of insufficient data to determine the type or probability of adverse impacts. 
Article 14(a) would apply to State projects. While it is difficult to trace private funding of SB research, studies have shown that significant funding for SB research is coming from States, particularly American and European agencies, research councils, and foundations (WWICS 2010; Oldham et al. 2012). The WWICS (2010) found that the USA had allocated only 4% of the publicly available funds to examine ethical, legal and social implications; the EU, Netherlands, UK and Germany allocated approximately 2% to such implications research. The WWICS did not find any funding specifically for projects on SB risk research, risk assessments for accidental or intentional non-contained use, or low-probability/high-impact events (Ibid. 8). 

The civil society working group, ICSWGSB, recommends that the CBD COP “acknowledge the model character” of CBD Article 14, and calls on Parties to “adopt legal, administrative and policy measures regarding environmental impact assessment of proposed synthetic biology projects that may have significant adverse effects on biological diversity. This should include synthetic genetic parts and living modified organisms produced by synthetic biology intended for release into the environment as well as those destined for contained use, due to the fact that effective containment in the context of synthetic biology may require updating and upgrading of the containment facilities” (ICSWGSB 2011, 39).  

iii. Access and Benefit Sharing of Genetic Resources 
(Art. 15)

While the 2010 Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity (NP) details much more precise obligations in relation to access and benefit sharing (ABS), Article 15 of the CBD applies to all Contracting Parties of the CBD. Provisions of Article 15 include that: Contracting Parties “shall endeavor to create conditions to facilitate access to genetic resources for environmentally sound uses by other Contracting Parties” (15(2)); granted access shall be on “mutually agreed terms” (15(4)); and subject to prior informed consent (15(5)); and “Contracting Parties shall take legislative, administrative or policy measures…with the aim of sharing in a fair and equitable way the results of research and development and the benefits arising from the commercial and other utilization of genetic resources with the Contracting Party providing such resources” (15(7)).


iv. Technology Transfer and Cooperation (Articles 16-19)

The CBD has established a programme of work on technology transfer and cooperation based on CBD Articles 16-19 (see COP decision VII/29). CBD Article 16 explicitly includes “biotechnology” in the provisions on access to and transfer of technology (CBD Art. 16(1)). As discussed above (Part 4 (a(iv)), technologies associated with SB can be understood as biotechnology. CBD Article 16(1) provides that each Contracting Party will undertake “to provide and/or facilitate access for and transfer to other Contracting Parties of technologies that are relevant to the conservation and sustainable use of biological diversity or make use of genetic resources and do not cause significant damage to the environment.” 

Technologies associated with SB may fulfill both of the criteria, and therefore fall under Art. 16(1): be of 1) relevance to conservation and sustainable use of biodiversity, and 2) use genetic resources and not cause significant damage to the environment. Case-by-case assessments would be needed to determine whether specific technologies apply. Generally speaking, some areas of SB research do aim to produce applications relevant to conservation and sustainable use, such as de-extinction and the creation of microbes for pollution remediation (see Parts 2 and 3). Those areas of research, however, are mostly considered to still be far from application or commercialization. As discussed above, much of SB research could be considered to “make use of genetic resources.” Whether or not specific SB technologies cause significant damage to the environment would require an impact assessment. 

Developing countries are to be provided “fair and most favorable terms” to access to and transfer of technology (Art. 16(2)). Article 19 also specifically addresses developing countries, holding that “Contracting Parties shall take all practicable measures to promote and advance priority access on a fair and equitable basis by Contracting Parties, especially developing countries, to the results and benefits arising from biotechnologies based upon genetic resources provided by those Contracting Parties” (19(2)), and that they shall “provide for the effective participation in biotechnological research activities by those Contracting Parties, especially developing countries, which provide the genetic resources for such research, and where feasible in Contracting Parties” (19(1)).  

A 2012 article in PLoS ONE determined the global landscape of SB research, based on the location of authors in Web of Science publications (Oldham et al. 2012). While the majority of SB publications come out of the USA, followed by the UK, Germany, France and Switzerland, other countries are on the map. The authors specifically point out the presence of emerging major economies, such as China, Brazil, and India, along with Mexico, Argentina, South Africa and Singapore (Oldham et al. 2012, 5-6). Thus, SB research is occurring in some of the “mega-diverse” countries. Where SB research utilizes genetic resources from another country, especially developing countries, these provisions apply.

c) COP decisions referring to SB

Two CBD COP decisions directly refer to SB. The relevant paragraphs are as follows: 

COP X/37 “Biofuels and biodiversity” para. 16: The COP urges Parties and other Governments to apply the precautionary approach in accordance with the Preamble to the Convention, and the Cartagena Protocol, to the introduction and use of living modified organisms for the production of biofuels as well as to the field release of synthetic life, cell, or genome into the environment, acknowledging the entitlement of Parties, in accordance with domestic legislation, to suspend the release of synthetic life, cell, or genome into the environment. 
COP XI/11 para. “New and emerging issues relating to the conservation and sustainable use of biodiversity” para. 4. The COP, recognizing the development of technologies associated with synthetic life, cells or genomes, and the scientific uncertainties of their potential impact on the conservation and sustainable use of biological diversity, urges Parties and invites other Governments to take a precautionary approach, in accordance with the preamble of the Convention and with Article 14, when addressing threats of significant reduction or loss of biological diversity posed by organisms, components and products resulting from synthetic biology, in accordance with domestic legislation and other relevant international obligations. 

Another COP XI decision may be interpreted as referring to SB:

COP XI/27 “Biofuels and biodiversity” para. 6. The COP, recognizing also the rapidly developing technology associated with biofuels, urges Parties and other Governments to monitor these developments, and recalls decision IX/2, paragraph 3(c)(i), which urged Parties and invited other Governments, inter alia, to apply the precautionary approach in accordance with the preamble of the Convention on Biological Diversity. 
2.
Cartagena Protocol on Biosafety

The Cartagena Protocol on Biosafety (CPB) applies to the transboundary movement, transit, handling and use of all living modified organisms (LMOs) that may have adverse effects on the conservation and sustainable use of biological diversity, taking also into account risks to human health (CPB Art. 4). In 2012, the Ad Hoc Expert Group on Risk Assessment and Risk Management of the CPB identified risk assessment of LMOs produced through synthetic biology among topics for development of further guidance (CPB AHTEG 2012, Annex IV). 

This section first examines which components, organisms and products of SB might be considered LMOs in the context of the CPB. The applicability of exemptions to certain CPB provisions are considered for LMOs produced through SB, as based on current and near-term research and commercialization of SB. Risk assessments undertaken pursuant to the CPB must be carried out in accordance with Annex III (CPB Art. 15); the general principles, methodology, and points to consider of Annex III are examined for application to SB. 

a) LMOs and components, organisms and products of SB

The CPB defines LMOs as “any living organism that possesses a novel combination of genetic material obtained through the use of modern biotechnology” (CPB Art. 3(g)). The components, organisms and products resulting from synthetic biology techniques would thus have to: i) be a living organism, ii) possess a novel combination of genetic material, and iii) result from the use of modern biotechnology. 


i) Living organisms

The CPB defines a “living organism” as “any biological entity capable of transferring or replicating genetic material, including sterile organisms, viruses and viroids” (CPB Art. 3(h)). “Genetic material” is not defined in the CPB; in the Convention it is defined as any material “containing functional units of heredity” (CBD Art 2).  By this definition, many areas of research in SB would be considered to produce living organisms, including the microbes produced by genome-driven cell engineering and cells altered by synthetic metabolic engineering.

Three outstanding questions regarding the scope of “living organisms” in the relation to current uses of SB are: 1) products of SB organisms; 2) naked DNA and constituent parts; and 3) transfer of digital/virtual information.



1) Products of SB organisms 

According to the IUCN guide to the CPB, the products of LMOs (referred to as “products thereof”) were extensively discussed during the CPB negotiations (Mackenzie et al. 2003, 15). “Products thereof” in the context of the CPB seem to primarily refer to LMOs that have been processed, such as wheat flour, refined sugar, and pressed oils. Such products thereof are included in the scope of the CPB for inclusion in risk assessment and the minimum required information to be included in notifications, but only if the products contain “detectable novel combinations of replicable genetic material obtained through the use of modern biotechnology” (CPB Article 20(3(c)); CPB Annex I(i); CPB Annex III(5))). 

Current commercialization of SMOs largely uses synthetically-modified micro-organisms (SMMOs) to produce specific molecules, such as specialized chemicals, fuels, flavors, and pharmaceuticals (Wellhausen and Mukunda 2009). These “products” are not simply processed LMOs; they are the by-products of microbes or microbial fermentation of biomass, such as vanillin and artemisinic acid. These “products thereof” fall within the Protocol’s scope if they contain nucleic acids containing a novel combination of genetic material.



2) DNA and constituent parts

The situation is less clear with regard to DNA and constituent parts. According to an IUCN report of the CPB negotiations, the consensus decision was to not directly include plasmids or DNA in the Article 3(h) definition of living organisms (Mackenzie et al. 2003, 45). DNA and parts produced through SB have been transported through postal mail for the past decades. New England BioLabs Inc. offers the BioBricktm Assembly Kit through the internet for 247 USD.
 Parts include destination plasmids and the upstream and downstream parts as “purified DNA.”
 Purified DNA is also mailed from commercial DNA synthesis firms, often in a lyophilized (free-dried) form. Because long stretches of DNA are fragile, commercial DNA synthesis firms sometimes insert the longer strands of DNA into living cells for shipment (Garfinkel et al. 2007). If novel DNA is inserted into living cells for shipment, those cells seem to clearly qualify as “living organisms” as per the CPB. Otherwise, “naked” DNA and parts may not qualify as “living organisms” under the CPB.

CPB provisions on risk assessment and the minimum required information to be included in notifications regarding “products thereof” may apply to naked DNA and its constituent parts. Under the CPB “products thereof” are included in Annex I on notifications and Annex III on risk assessments if they contain “detectable novel combinations of replicable genetic material obtained through the use of modern biotechnology” (CPB Annex I(i); CPB Annex III(5)). 

It is unlikely that many countries regulate the transboundary shipments of naked DNA and constituent parts produced through SB under their national regulatory systems related to LMO biosafety. Civil society groups are concerned that a gap in the coverage of the CPB over such kitsets and constituent parts is a “serious evasion of the Protocol’s intent” (ICSWGSB 2011, 25).



3) Transfer of digital/virtual information
The CPB’s definitions of LMOs and living organisms do not directly acknowledge virtual/digital information. Civil society and policy scholars point out a growing trend towards electronic transfers and away from physical transfers of biological material, in part driven by SB tools (Oldham 2004; Schei and Tvedt 2010; Laird and Wynberg 2012; ICSWGSB 2011). The ICSWGSB suggests the CPB be reformed to include a broader interpretation of “transit” and “transboundary movement” of DNA information by explicitly requiring “those who retranslate digital code into a physical LMO to be subject to prior informed consent procedures” (ICSWGSB 2011, 25).


ii) Novel combination

A “novel combination of genetic material” can result from a novel form of functional units of heredity or a novel arrangement of functional units of heredity, whether or not this leads to a phenotypic change (Mackenzie et al. 2003). Most applications of SB are focused on producing novel genetic materials. Synthetically-produced organisms modeled after natural organisms (such as the Spanish influenza virus and the JCVI bacterial genome) are not exact copies of the originals, and thus would qualify as novel.
 The use of directed evolution techniques that do not incorporate new genetic material, such as “gene shuffling,” would likely still be considered to result in ‘novel combinations’ because they rearrange existing genetic material (Mackenzie et al. 2003). 


iii) Modern biotechnology

“Modern biotechnology" is defined in the CPB as “the application of: 

a. In vitro nucleic acid techniques, including recombinant deoxyribonucleic acid (DNA) and direct injection of nucleic acid into cells or organelles, or 

b. Fusion of cells beyond the taxonomic family, 

that overcome natural physiological reproductive or recombination barriers and that are not techniques used in traditional breeding and selection” (CPB Art. 3(i)). 

The negotiators of the CPB recognized that new techniques for modifying genetic information would continue to be developed (Mackenzie et al. 2003). According to the IUCN explanatory guide, although the definition gives two specific examples of in vitro nucleic acid techniques, other techniques cannot be excluded from the definition. The techniques and tools of SB represent an expanding frontier of biotechnology, but they still remain within the CPB’s definition of modern biotechnology. 

b) Possible exemptions to certain provisions of the CPB

The CPB applies to the transboundary movement, transit, handling and use of all LMOs that may have adverse effects on the conservation and sustainable use of biological diversity, taking also into account risks to human health (CPB Art. 4). The text provides limited exemptions of some LMOs to some provisions. 

i) Exclusion from provisions of the CPB: pharmaceuticals for humans that are addressed by other relevant international agreements or organisations (Art. 5) 

The CPB does “not apply to the transboundary movement of living modified organisms which are pharmaceuticals for humans that are addressed by other relevant international agreements or organizations” (CPB Art. 5). According to the Biotechnology Industry Organization (BIO), SB is already being used to produce pharmaceuticals for humans. SB and directed evolution technology were used by Codexis to discover and develop a transaminase to enable a biocatalytic route for the production of Sitagliptin, a treatment for type II diabetes marketed as Januvia® by Merck (BIO 2013). DSM has used SB to improve the process for commercial production of a synthetic antibiotic, Cephalexin, by introducing and optimizing enzyme-encoding genes in a penicillin-producing microbial strain (Ibid). Sanofi intends to produce 35 tons of “semi-synthetic” artemisinin for malaria treatment in 2013 (Sanofi and PATH 2013). Beyond this, SB is anticipated to play a major role in future pharmaceutical development and production (RAE 2010). 

Currently and in the near term, SB organisms are being used as “biofactories” to produce pharmaceuticals; the organisms themselves are not pharmaceuticals. These organisms therefore are not eligible for the Article 5 exemption (see Mackenzie et al. 2003). Many hope that future SB advances will lead to innovations in health care, such as gene therapy through artificial chromosomes and programming bacteria and viruses to identify malignant cells and deliver therapeutic agents (EGE 2009). Such future SB organisms may themselves be pharmaceuticals. 

LMOs that are pharmaceuticals for humans must also be addressed by other relevant international agreements or organizations to be exempted from the CPB. It is unclear to what extent LMOs that are pharmaceuticls for humans would need to be “addressed” by other international agreement or organization to qualify for the Article 5 exemption. In particular, it is an open question whether the agreement or organization must address the biodiversity impacts of the LMO (Mackenzie et al. 2003, 56).

Currently, none of the organisms produced through SB are directly addressed by other relevant international agreements or organizations. In the future, this may become relevant. For example, a commonly invoked promise of SB is the rapid development of vaccines for viruses (RAE 2010; PCSBI 2010). In 2011 the World Health Organization (WHO) approved the Pandemic Influenza Preparedness Framework for the Sharing of Influenza Viruses and Access to Vaccines and Other Benefits (WHO 2011). It remains to be seen whether this non-binding arrangement on access and benefit-sharing would preclude such vaccines from the scope of the CPB. 

ii) Exemptions from the Advanced Informed Agreement provisions 

There are limited exemptions to the requirement to provide Advanced Informed Agreement (Article 7).

1) “Contained use” (Art. 6)

Under the CPB, provisions for Advanced Informed Agreement (AIA) do not apply to the transboundary movement of LMOs “destined for contained use undertaken in accordance with the standards of the Party of import” (CPB Art. 6(2)).
 Contained use is defined as an operation, “undertaken within a facility, installation or other physical structure,” in which LMOs’ contact with and impact on the external environment is “effectively limit(ed)” by “specific measures” (CPB Art. 3(b)). Negotiations on this topic concentrated on whether chemical or biological barriers could be considered as sufficient containment, or whether physical containment was necessary (van der Meer 2002; Mackenzie et al. 2003). Ultimately, the text focuses on the effectiveness of containment measures, rather than the kind of measure. The question of degree and quality of effectiveness is also left up to the Party to determine (Mackenzie et al. 2003). 

At least three issues have been raised by civil society groups in relation to SB and the “contained use” AIA exemption.  First, the ICSWGSB (2011) argues that containment facilities that Parties consider to effectively contain LMOs may be unsuitable to contain SMOs. Importing countries may need advance information in order to “judge the effectiveness of available containment” (Ibid, 26). The ICSWSB calls on the Convention of the Parties serving as the meeting of the Parties to the Protocol (COP-MOP) to exclude synthetic genetic parts and LMOs produced by SB from the “contained use” exemption under the AIA provisions “at least until effective containment methods can be demonstrated” (Ibid, 40). 

A second issue is whether specific members of the SB community should be considered able to provide for “contained use.” EcoNexus, a European civil society group, has raised doubts as to whether IGEM contestants or DIYbio individuals and collectives can ever be considered a “contained use” operation (EcoNexus 2011).  These groups’ practices can involve the transboundary movement of LMOs. In 2012, IGEM contestants came from 34 countries, and thus flew around the world with their “Genetically Engineered Machines.” DIYbio enthusiasts regularly order DNA, oligonucleotides, and plasmids from commercial DNA synthesis companies. EcoNexus (2011) questions whether these uses can be reliably considered “contained,” and, if not, wonder how the AIA could be obtained. 

A third issue and more general issue, which is not limited to LMOs produced by SB, is that Parties could be faced with “regulatory arbitrage” if a laboratory imports an SB LMO for contained use and then makes a domestic application to release the SB LMO from containment (ICSWGSB 2011). Domestic standards for risk assessment may be lower than the minimums provided in the CPB’s Annex III. The ICSWGSB recommends that the CPB be revised such that “any agent receiving an LMO into containment without obtaining prior informed consent may only release that LMO after it has been approved under a risk assessment process at least as strong as that specified in Annex III” (ICSWGSB 2011, 26). 

2) LMOs “intended for direct use as food or feed, or for processing” (Art. 11)

The transboundary movement of LMOs intended for direct use as food or feed or for processing (LMO-FFPs) is exempted from the AIA requirement, although a risk assessment must still be submitted to the Biosafety Clearing-House (CPB Art. 7(2); CPB Art. 11(1)). Annex II details information required for LMO-FFPs under Article 11, including a risk assessment report consistent with Annex III (CPB Annex II (j)). LMO-FFPs must be accompanied by documentation that they may contain LMOs and are not intended for intentional introduction in the environment (CPB Art. 18(2(a))). 

BIO identifies some of its member corporations as producing organisms with SB that may qualify as LMO-FFPs and fall within the AIA exemption. For example, Agrivida, Inc. uses proprietary INzymetm technology, described as a “novel approach to synthetic biology,” to grow biomass feedstock with dormant biodegrading enzymes that are activated after harvest (BIO 2013).
 This is intended to reduce the cost and energy of breaking down feedstock in the fermentation process of ethanol. In 2012, Agrivida, Inc. announced that it had launched “significant field production” of modified corn within the USA (Agrivida 2012). Plants such as Agrivida’s modified corn are intended to be directly processed into ethanol.

3) LMOs identified by the COP-MOP as “not likely to have adverse effects” (Art. 7(4)))

The CPB provides opportunities for Parties to cooperate to identify LMOs that are “not likely to have adverse effects on the conservation and sustainable use of biological diversity, taking also into account risks to human health” (CPB Art. 7(4)). Parties must formally identify an LMO that is “not likely to have adverse effects” through a COP-MOP decision. Such LMOs would then be exempted from the AIA procedure (CPB Art 7(4)). To date, the COP-MOP has not identified any LMO that is not likely to have such adverse effects. In 2012, CPB Parties were invited to provide the Executive Secretary with “scientific information that may assist in the identification of living modified organisms or specific traits that may have or that are not likely to have adverse effects”  (BS-VI/12 III(11)).
 The Executive Secretary was requested to create sections in the Biosafety Clearing-House where the information could be submitted and easily retrived (BS-VI/12 III(12)). 
c) Application of Annex III Risk Assessment to SB

Under Article 15(2), a risk assessment must be carried out for a Party of import to make an Article 10 decision for an international transboundary movement to proceed (CPB Art. 10; CPB Art. 15(2)). Risk assessments must be “carried out in a scientifically sound manner, in accordance with Annex III and taking into account recognized risk assessment techniques” (CPB Art. 15(1)). A risk assessment per Annex III is also required if a developing country Party or a Party with an economy in transition that does not have a domestic regulatory framework decides to import an LMO-FFP (CPB Art. 11(6(a))).  CPB Annex III provides general principles, methodology, and points to consider in a risk assessment. The methodology of Annex III risk assessment requires: hazard identification; evaluation of likelihood of effects; evaluation of consequences of those effects if they occur; and characterization of risks based on the likelihood and consequences of effects (CPB Annex III(8); Andrén and Parish 2002). Annex III risk assessment may take into account the characteristics of the recipient organisms, donor organisms, receiving environment, and the introduced modification, and the identity of the LMO (CPB Annex III(9)). 

Although LMOs produced through SB may present characteristics that are not common to all LMOs, the Annex III of the Protocol, including its general principles, points to consider and methodology are still fully applicable to living organisms produced through SB and may also apply to “products thereof” that  contain “detectable novel combinations of replicable genetic material obtained through the use of modern biotechnology” (CPB Article 20(3(c)); CPB Annex I(i); CPB Annex III(5))). 
3.
Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity
The Nagoya Protocol on Access to Genetic Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization to the Convention on Biological Diversity (NP) was adopted on 29 October 2010.
 The NP sets out core obligations for Contracting Parties in relation to access to genetic resources and traditional knowledge associated with genetic resources, benefit-sharing, and compliance. 

The NP has not yet entered into force; there are currently a number of uncertainties related to its scope. As previously discussed, it is unknown how the field of SB will develop in research or its commercialization and industrialization. Thus, this discussion of the application of NP to SB is necessarily speculative. This section examines questions that may be raised by the application of the NP to current and anticipated uses of SB. 

a) “Genetic Resources” and the components, organisms and products of SB 

The NP applies to “genetic resources” and traditional knowledge associated with genetic resources. The NP provides that the definitions in Article 2 of the Convention also apply to the Protocol. Accordingly, “genetic resources” means “genetic material of actual or potential value” and “genetic material” means “any material of plant, animal, microbial or other origin containing functional units of heredity” (CBD Art. 2). 

As previously discussed, most kinds of SB research can likely be understood to work with genetic resources. However, there are some open questions with regards to the NP in the following areas: digital information of DNA sequences; the degree of modification of a genetic resource that is acknowledged by the NP; and the coverage of derivatives produced by SB organisms but modelled after natural derivatives.

i)  Digital information of DNA sequences 

It is an open question whether non-tangible, electronic information on genetic resources is included within the scope of the NP. As noted previously, analysts have noted a growing trend in research away from physical transfers of biological material and towards electronic transfers of information, driven in part by SB tools and techniques (Oldham 2004; Schei and Tvedt 2010; Laird and Wynberg 2012; ICSWGSB 2011). Researchers are utilizing information about the genetic composition, instead of the physical genetic resource.  

There could be differing interpretations of whether digital information is included within “genetic resources.” The ICSWGSB interprets the NP as not covering digital information of genetic resources. They suggest that the CBD COP invite Parties to the NP to consider extending agreements on ABS to cover digital sequences (ICSWGSB 2011). On the other hand, in a paper commissioned by the CBD Executive Secretary for the ABS negotiations, Schei and Tvedt note that the “value” of functional units of heredity can be captured in its genetic structure and in the information of the nucleotide sequence (Schei and Tvedt 2010, 18).  They appear to suggest that the standing CBD definition of genetic resources could be interpreted to include digital DNA sequences. 


ii) Degree of modification of a genetic resource 

SB techniques provide ways to modify naturally occurring genetic resources so that they better serve specific purposes. One method is by directed evolution, such as the Wyss Institute’s MAGE machine which can generate billions of different mutant genomes per day, performing up to 50 different genome alterations at nearly the same time, using synthetic DNA (Wang et al. 2009).
  Another method is to use computers to design a stretch of DNA so that it is “codon-optimized” and the gene more efficiently expresses the characteristics desired by the researchers (ETC 2007). 

It is an open question whether the results of modifications of a natural genetic resource continue to be covered by the NP. Article 5(1) of the NP requires that “benefits arising from the utilization of genetic resources as well as subsequent applications and commercialization shall be shared in a fair and equitable way” (added emphasis). This is meant to extend benefit-sharing to processes and products developed along the value chain (Greiber et al. 2012, 85). Some aspects of this provision were not resolved in the NP negotiations, such as benefit-sharing obligations in relation to final products. The degree to which “subsequent applications” can modify a natural genetic resource may also be open to interpretation. The ICSWGSB interprets the NP as not covering “products derived from natural sequences using synthetic biology tools such as directed evolution techniques,” and calls for the Protocol to be extended to include them (ICSWGSB 2011, 40). 

iii) The production of derivatives modelled after natural derivatives

The NP defines a “derivative” as a “naturally occurring biochemical compound resulting from the genetic expression or metabolism of biological or genetic resources, even if it does not contain functional units of heredity” (NP Art. 2(e)). It could be argued that the NP’s benefit-sharing obligations apply to derivatives through linkages with the definitions of utilization of genetic resources and biotechnology (NP Art. 2(c) and (d); Greiber et al. 2012; Nijar 2011). Another possible interpretation is that the operative provisions of the Protocol apply only to genetic resources, and not to derivatives.
   

SB raises a further question in relation to derivatives: do products of SB microbes fall within the scope of the NP if they are modeled after natural derivatives? For example, a valuable natural derivative is isoprene, the major molecule of rubber. The enzyme isoprene synthase has only been found in plants – namely, Hevea brasiliensis, the rubber tree – but plant genes are not efficiently expressed in microorganisms (Erickson et al. 2011; ETC 2012). The Genencor Division of Danisco and Goodyear Tire and Rubber Company have partnered in research to develop “BioIsoprene,” using synthetic biology in the “construction of a gene that encodes the same amino acid sequence as the plant enzyme but is optimized for expression in engineered microorganisms” (Erickson et al. 2011, 8). An initial question is whether genetic resources from H. brasiliensis were utilized, and to what degree they were transformed (see previous point).  A separate question might be whether the synthetic microbe's derivative – isoprene – would also be covered. 

b) SB and the “utilization of genetic resources” 

The “utilization of genetic resources” is defined in the NP as: “to conduct research and development on the genetic and/or biochemical composition of genetic resources, including through the application of biotechnology” (NP Art. 2(c)). 
As previously discussed (Part 3(c)), a major focus of current SB research is on designing organisms that will use biomass as feedstock to produce fuels, chemicals, and pharmaceuticals (PCSBI 2010; ICSWGSB 2010). For example, SB companies such as Amyris are locating their facilities in Brazil in order to be near sources of sugarcane for use as feedstock for synthetically-altered microbes. If used solely as a feedstock, this use of sugarcane would likely not fall within the “utilization of genetic resources.” However, if research was conducted on the sugarcane to determine if it was an appropriate feedstock or if it could be transformed to be more suitable, access to the sugarcane for this research could possibly be covered by the NP. 
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� Marris and Jefferson (2013) note the emergence of the terms “synthetic organisms” and “synthetically-modified organisms” (SMO). SMO and a related term, synthetically-modified micro-organisms (SMMOs), are used in this report to refer to organisms produced using synthetic biology technologies. In this report, the use of these terms does not indicate a position on whether these organisms are different from genetically-modified organisms (GMOs) or genetically-modified micro-organisms (GMMOs).


� See � HYPERLINK "http://partsregistry.org/Help:Distribution_Kits"��http://partsregistry.org/Help:Distribution_Kits�, accessed 6 June 2013.


� In this report, Part 7 on the Nagoya Protocol discusses a number of questions raised by SB techniques that also apply to Article 15, including: whether digital information of DNA sequences are considered ‘genetic resources’; whether the geographic scope of CBD Article 15 includes areas beyond national jurisdiction; and the challenges of multiple geographic origins of organisms produced with SB. 


� See: � HYPERLINK "https://www.neb.com/products/E0546-BioBrick-Assembly-Kit"��https://www.neb.com/products/E0546-BioBrick-Assembly-Kit�, accessed 6 March 2013.


� Ginkgo BioWorkstm  and New England BioLabs Inc. Undated. BioBricktm Assembly Manual: Version 1.0. Available at � HYPERLINK "http://ginkgobioworks.com/support/BioBrick_Assembly_Manual.pdf"��http://ginkgobioworks.com/support/BioBrick_Assembly_Manual.pdf�, accessed 6 March 2013.


� Changes can be deliberate, as in “watermark” sequences of DNA or “codon optimized” sections, or accidental (see: Gibson et al. 2010).


� The CPB does not require that Parties regulate such LMOs according to the CPB AIA provisions, but Parties are still free to use national legislation to require AIA and risk assessment (Mackenzie et al. 2013).


� Also see: � HYPERLINK "http://www.agrivida.com/technology/technology.html"��http://www.agrivida.com/technology/technology.html�, accessed 20 March 2013.


� When considering risk management Parties shall also cooperate to identify LMOs or specific traits of LMOs that “may have adverse effects,” and “take appropriate measures” regarding their treatment (CPB Art. 16(5)). This provision also asks Parties to make an assessment of the likelihood of impacts. As with CPB Art. 7(4), Parties have not yet identified any LMOs or traits that fall under this category. 


� The Nagoya Protocol will enter into force upon the deposit of the 50thinstrument of ratification, acceptance, approval or accession (NP Art. 33). As of 29 May 2013, 92 States have become signatories, and 18 States have ratified the NP. See � HYPERLINK "http://www.cbd.int/abs/nagoya-protocol/signatories/default.shtml"��http://www.cbd.int/abs/nagoya-protocol/signatories/default.shtml�, accessed on 29 May 2013.


� The text of the NP does explicitly apply to an intangible item: traditional knowledge associated with genetic resources (NP Art. 3). 


� See � HYPERLINK "http://wyss.harvard.edu/viewpage/330/"��http://wyss.harvard.edu/viewpage/330/�, accessed on 23 March 2013.


� See Nijar (2011) for descriptions of the arguments for differing interpretations of the role of derivatives in the NP.
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