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Response to the invitation to Parties, other Governments, relevant organizations, indigenous people and local communities to submit to the Secretariat (secretariat@cbd.int) information and supporting documentation on the four topics referred in notification Ref.: SCBD/CP/DC/MA/MW/87791

The response comprises relevant information related to paragraphs (a) to (d) of the annex in order to contribute to the work of the Ad Hoc Technical Expert Group; regarding paragraph (a) general comments and additional paragraphs in each criterion. 
(a) The relationship between synthetic biology and the criteria set out in decision IX/29, paragraph 12, in order to contribute to the completion of the assessment requested in decision XII/24, paragraph 2, building on the preliminary analysis prepared by the Executive Secretary in document SBSTTA/22/INF/17; 

	ID 
	Preliminary analysis prepared by the Executive Secretary in document SBSTTA/22/INF/17
	Source1 

	
	General comments: 

-The contribution introduced by the Secretariat is very useful and starting point to support the further deliberation on whether or not is needed further assessment of synthetic biology against the criteria set out in paragraph 12 of decision IX/29.

- Cuba considers the operational definition of Synthetic Biology reached at the AHTEG first meeting as still usual, in the framework of the 3 objectives of the Convention.

- Synthetic Biology is an emerging technology that should be identified as a new and emerging issue considered a new dimension of modern biotechnology, a revolution in biology advancing at accelerated rate, that impacts economies, societies and mother earth with their biodiversity and beyond on the approach of only one health. Is extremely complex taking into account the specialties and areas of knowledge involved, like life sciences and technical sciences, consequently the diversity of approaches and criteria’s.  With the current knowledge about Synbio and its regulation is difficult to predict with a high certainty the potential positives and negatives impact that’s why many criteria are elaborated on the basis of hypotheses. Cuba shares the view that:

“The recent developments in synthetic biology and the continued pace of development might pose challenges to the ability to understand the possible impacts on biodiversity and human health. There might be a need to consider more thoroughly the potential benefits and potential adverse effects at the ecosystem level, particularly for some developments, such as engineered gene drives.“ AHTEG Dec 2017

- As national authority in general terms, the Ministry of Science Technology and the Environment does not prohibit, but controls with a holistic approach, activities related to the development of new technologies in the biological sphere in general, including synthetic biology in particular if necessary trough regulations and oversight at different levels.

- Support recommendation 22/2 of the Subsidiary Body on Scientific, Technical and Technological Advice who considered the need for specific guidance on risk assessment of living modified organisms containing engineered gene drives at its tenth meeting also reflected in Decision adopted by the Conference of the Parties to the Convention on Biological Diversity at the Fourteenth Meeting Agenda item 27.

	CBD/SBSTTA/22/INF/1

Paragraph 24 AHTEG-1

Paragraph 17 AHTEG-2



	ID 
	Elements from the AHTEG reports 
	Source1 

	Criterion 1: Relevance of the issue to the implementation of the objectives of the Convention and its existing programmes of work

	1 
	“The AHTEG noted that the conservation and sustainable use of biodiversity, and the fair and equitable sharing of the benefits arising out of the utilization of genetic resources may be affected, both positively and negatively, by living organisms resulting from synthetic biology, as well as by non-living products or components.” 
	Paragraph 28, AHTEG-1 

	2 
	“Within the context of Articles 15 and 16 of the Convention and the Nagoya Protocol, the AHTEG also took note of the fact that synthetic biology may have both positive and negative impacts on the fair and equitable sharing of benefits arising from the utilization of genetic resources.” 
	Paragraph 31, AHTEG-1 

	3 
	“The AHTEG agreed that living organisms developed through current and near future applications of synthetic biology are similar to LMOs as defined in the Cartagena Protocol.” 
	Paragraph 34, AHTEG-1 

	4 
	“[…] the AHTEG noted that living organisms, components and products of synthetic biology fall within the scope of the Convention and its three objectives […]” 
	Paragraph 38, AHTEG-1 

	5 
	“Furthermore, the relationship between synthetic biology and its ethical implications for societal views towards nature, as well as the relationship between mankind and ecosystems, were noted as cross-cutting issues with respect to all three objectives of the Convention.” 
	Paragraph 47, AHTEG-1 

	6 
	“The AHTEG noted that regular horizon scanning, monitoring and assessing of developments in the field of synthetic biology could be useful for reviewing new information regarding the positive and negative impacts of synthetic biology vis-à-vis the three objectives of the Convention and its Protocols.” 
	Paragraph 20, 

AHTEG-2 

	7 
	“[…] the possible impacts of synthetic biology on the traditional knowledge, innovation, and practices of indigenous peoples and local communities, as well as how synthetic biology would impact the relationship of indigenous peoples and local communities with Mother Nature. The development of such technologies should be accompanied by the full and effective participation of indigenous peoples and local communities with a view to creating a vision that would further guide advances and understanding in the field of synthetic biology and to integrating the concerns and needs of indigenous peoples and local communities in decision-making.”
	Paragraph 26, 

AHTEG-2 

	
	Additional paragraphs
	

	
	-Calls upon Parties and other Governments, taking into account the current uncertainties regarding engineered gene drives, to apply a precautionary approach,
 in accordance with the objectives of the Convention, and also calls upon Parties and other Governments to only consider introducing organisms containing engineered gene drives into the environment, including for experimental releases and research and development purposes, when:

(a)
Scientifically sound case-by-case risk assessments have been carried out;

(b)
Risk management measures are in place to avoid or minimize potential adverse effects, as appropriate;

(c)….. the “free, prior and informed consent” or “approval and involvement”
 of potentially affected indigenous peoples and local communities is sought or obtained, where applicable in accordance with national circumstances and legislation;

- Gene Drives and Environmental Concerns 
“Anticipation of potential benefits of CRISPR-Cas9-enabled gene drives to human health, agriculture, and the environment is accompanied by concern over potential negative consequences to other species and ecosystems. …The fast moving nature of this field is both encouraging and concerning. While gene-drive modified organisms hold promise for addressing difficult to solve, persistent challenges, …. these proposed applications are based on limited proof-of-concept studies. The presumed efficiency of gene-drive modified organisms may lead to calls for their release in perceived crisis situations, before there is adequate knowledge of their ecological effects, and before mitigation plans for unintended harmful consequences are in place.”

-Social Acceptance and Ethical Concerns
“According to the National Academy of Sciences, “there is insufficient evidence available at this time to support the release of gene-drive modified organisms into the environment,” and a considerable amount of research and evaluation is still necessary”

“Concerns about environmental justice and who will be responsible for addressing unanticipated public health or environmental harms may also be an issue as developing countries may be primary locations for the use of gene drives.”

-…. sufficient considerations need to be devoted to the social and ethical implications of such technologies so that they will be accessible to all layers of society and benefit all humankind.


	Paragraph 11, 

CBD/COP/DEC/14/19

Advanced Gene Editing: CRISPR-Cas9. Dec 2018

https://crsreports.congress.gov
The CRISPR tool kit for genome editing and beyond

Nature Communications volume 9, 2018 Article : 1911 



	Criterion 2: New evidence of unexpected and significant impacts on biodiversity (2) 



	8 
	“Potential benefits as well as the potential adverse effects of synthetic biology applications need to be assessed on a case-by-case basis, with an appropriate balance between reasoning based on evidence and forward-looking scenarios.” 
	Paragraph 46, AHTEG-1 

	9 
	“[…] the AHTEG concluded that most living organisms already developed or currently under research and development through techniques of synthetic biology, including organisms containing engineered gene drives, fell under the definition of LMOs as per the Cartagena Protocol.” 
	Paragraph 28, AHTEG-2 

	10 
	“[…] the AHTEG recalled the conclusion reached at its previous meeting that the organisms, components and products of synthetic biology were expected to have similar types of positive and negative impacts on biological diversity as classical genetic engineering. However, it considered that the potential positive and negative impacts of synthetic biology might be broader and more wide-ranging due to the potential for synthetic biology to produce organisms and biological systems with ranging levels of complexity for use in a range of applications.” 
	Paragraphs 22, AHTEG-2 

	11 
	“The AHTEG noted that, beyond the experience gained from LMOs already released into the environment, to date, there was limited direct empirical evidence of the benefits and adverse effects on biodiversity resulting from the organisms, components and products of synthetic biology. 

However, the AHTEG also noted the availability of other types of information and knowledge that were of scientific value in informing an assessment of the potential benefits or adverse effects of organisms, components and products that had been developed through synthetic biology techniques. That could include information based on modelling and scenarios, data from experiments performed under contained use, such as in laboratories, and experience gained through the management of pests and invasive alien species, including biological control, as well as from the use of LMOs that had been released into the environment. Information gathered from traditional animal and crop breeding, forestry, aquaculture and other human interventions in the environment, including knowledge, innovations and practices of indigenous peoples and local communities, could also be useful in exploring possible positive and negative impacts of organisms resulting from synthetic biology.” 
	Paragraphs 23 and 24, AHTEG-2 

	
	Additional paragraphs
	

	
	“….a recent report documented that more than half of humans may already have pre-existing humoral and cell-mediated adaptive immune responses to Cas9 proteins

Therefore, as the CRISPR-Cas9 system moves forward into clinical trials, this factor must be taken into account”

- The frequency of off-target effects depends on the gene editing technique and the exact protocol used,61 but the CRISPR-Cas9 system appears to be particularly prone to off-target effects.62 Such off-target effects have been detected in many studies on gene-edited plants, e.g., rice, soybean63 and

wheat64.

Off-target effects are also a concern in gene edited farm animals, such as pigs and cattle,65 and have been detected in gene-edited mice66 and human cells67. However, some studies report a lack of detectable off-target effects in gene-edited animals.68 This could be because, although the off-target effects may be present, it is difficult to distinguish between off-target effects and natural genetic variation.69
	The CRISPR tool kit for genome editing and beyond

Nature Communications volume 9, 2018 Article : 1911 

Gene-edited organisms in agriculture: Risks and unexpected consequences  Sept 2018

www.foe.org

	Criterion 3: Urgency of addressing the issue/imminence of the risk caused by the issue to the effective implementation of the Convention as well as the magnitude of actual and potential impact on biodiversity 

	12 
	“The AHTEG also noted that regulators and decision makers may face challenges in fully addressing the potential positive and negative impacts of synthetic biology on biodiversity due to the rate at which the technologies of synthetic biology are evolving. Another aspect of the relationship between synthetic biology and biological diversity that was noted was its potential positive and negative indirect effects, which also have to be taken into account in the adoption and use of organisms, products and components of synthetic biology in order to ensure that the sustainable use of biodiversity is maintained ” 
	Paragraph 30, AHTEG-1

	13 
	“[…] the current and foreseeable future applications of synthetic biology being considered in the assessment of potential benefits and potential adverse effects are at various stages of development, ranging from the theoretical to early or active areas of research to those that are already on the market. Consequently, the timeframe within which the potential benefits and potential adverse effects associated with those applications may be realized would vary considerably.” 
	Paragraph 51, AHTEG-1 

	14 
	“In reviewing the recent technological developments of synthetic biology, the AHTEG noted, inter alia, the following: 

(f) Some recent developments in synthetic biology have advanced to the point at which organisms might be considered for introduction into the environment at an accelerated rate; 

(h) Combining new biotechnology tools and automation allows the more rapid production of modified organisms;” 
	Paragraph 15 (f, h), AHTEG-2 

	15 
	“The ever increasing speed of development within the field of synthetic biology might pose a challenge to the capacity to conduct risk assessments in some countries.” 
	Paragraph 16, AHTEG-2 

	16 
	“The AHTEG noted that consideration of the potential benefits and adverse effects of organisms produced through synthetic biology could be particularly relevant and urgent for those organisms that had been developed to contain engineered gene drives, in the light of the impacts that such organisms might have on the conservation and sustainable use of biological diversity, as well as the knowledge, innovations and practices of indigenous peoples and local communities, particularly if they were released into the environment. […]” 
	Paragraph 25, AHTEG-2 

	
	Additional paragraphs
	

	
	A recent workshop examined key questions concerning effects of development and use of gene drives in varied species and contexts

Toward integrated risk management

(i) Before any primary drive is released in the field, the efficacy of specific reversal drives should be evaluated…

(ii) Long-term studies should evaluate the effects of gene drive use on genetic diversity in target populations

(iii) Investigations of drive function and safety should use multiple levels of molecular containment to reduce the risk that drives will spread through wild populations during testing.

(iv) Initial tests of drives capable of spreading through wild populations should not be conducted in geographic areas that harbour native populations of target species.
(v) ….
(ix) To assess potentially harmful uses of drives, multidisciplinary teams of experts should be challenged to develop scenarios on deliberate misuse

This lead time enables public discussion of environmental and security concerns, research into areas of uncertainty, and development and testing of safety features. It allows adaptation of regulations and conventions in light of emerging information on benefits, risks, and policy gaps. Most important, lead time will allow for broadly inclusive and well-informed public discussion to determine if, when, and how gene drives should be used.

-While gene-drive modified organisms hold promise for addressing difficult to solve, persistent challenges, such as the eradication of vector-borne diseases and the conservation of threatened and endangered species, these proposed applications are based on limited proof-of-concept studies. The presumed efficiency of gene-drive modified organisms may lead to calls for their release in perceived crisis situations, before there is adequate knowledge of their ecological effects, and before mitigation plans for unintended harmful consequences are in place

- .....  genetic changes to a population are likely to persist for a very long time, possibly permanently. This may result in far-reaching and unpredictable consequences for society and the environment
New genetic engineering techniques, like CRISPR, require further analysis in the context of agricultural ecosystems and the food system as a whole in order to properly assess their potential risks and hypothetical benefits.
	Regulating gene drives

http://www.sciencemag.org/content/early/recent
Advanced Gene Editing: CRISPR-Cas9. Dec 2018

https://crsreports.congress.gov
Gene-edited organisms in agriculture: Risks and unexpected consequences  Sept 2018

www.foe.org


	Criterion 4: Actual geographic coverage and potential spread, including rate of spread, of the identified issue relating to the conservation and sustainable use of biodiversity 

	17 
	“In reviewing the recent technological developments of synthetic biology, the AHTEG noted, inter alia, the following: 

(e) Biotechnology tools have become increasingly available in some countries to the “do-it-yourself” (DIY) community and the public at large outside of formal laboratory facilities;” 
	Paragraph 15(e), AHTEG-2 

	18 
	“The AHTEG also noted that most synthetic biology research and development took place in developed countries and in a limited number of developing countries, and that many developing countries as well as indigenous peoples and local communities might need capacity development to stay abreast of developments in that field. The AHTEG highlighted the need to explore ways to facilitate, promote and support capacity-building and knowledge sharing regarding synthetic biology, risk analysis and related matters, to meet the needs of developing countries and of indigenous peoples and local communities, […]” 
	Paragraph 21, AHTEG-2 

	19 
	“[…] The AHTEG also noted the potential for the unintended transboundary movements and geographic spread of organisms released into the environment. […]” 
	Paragraph 25, AHTEG-2 

	
	Additional paragraphs
	

	Criterion 5: Evidence of the absence or limited availability of tools to limit or mitigate the negative

impacts of the identified issue on the conservation and sustainable use of biodiversity

 

	20 
	“The AHTEG noted that consideration of the potential benefits and adverse effects of organisms produced through synthetic biology could be particularly relevant and urgent for those organisms that had been developed to contain engineered gene drives, in the light of the impacts that such organisms might have on the conservation and sustainable use of biological diversity, as well as the knowledge, innovations and practices of indigenous peoples and local communities, particularly if they were released into the environment. Uncertainties related to the efficacy and safety of engineered gene drive systems, as well as the relative risks that could be posed by the different applications of engineered gene drive systems (for example, for population replacement or suppression) were noted. Furthermore, while there could be potential benefits to the development of such organisms, it was noted that additional research and guidance were needed before any organism containing engineered gene drives could be considered for release into the environment, including into lands and territories of indigenous peoples and local communities. […]” 
	Paragraph 25, AHTEG-2 

	21 
	“The AHTEG also noted that challenges might arise in the case of organisms that might not have a suitable target marker(s) and when the resulting LMO was indistinguishable from a naturally occurring or conventionally bred counterpart. In such cases, the development of additional detection, identification and monitoring tools might be needed.” 
	Paragraph 33, AHTEG-2 

	22 
	“With regard to detecting and monitoring products of synthetic biology, it was noted that analytical techniques could be used to distinguish between products of synthetic biology and naturally occurring or chemically synthesized counterparts. However, further development in that area might be needed” 
	Paragraph 34, AHTEG-2 

	23 
	“It was noted that, while tools for the detection, identification and monitoring of organisms, components and products of synthetic biology might be available, some countries might not have access to such tools due to insufficient technical infrastructure and technical capacity, and legal barriers. Capacity building and legal and technological cooperation were therefore needed” 
	Paragraph 37, AHTEG-2 

	24 
	“The AHTEG reiterated that the general principles and methodologies for risk assessment under the Cartagena Protocol and existing national biosafety frameworks, as well as voluntary guidance, could provide a good basis for risk assessment of organisms developed through synthetic biology. These methodologies might need to be periodically updated and adapted” 
	Paragraph 40, AHTEG-2 

	25 
	“Updates and adaptations might be needed to account for: 

(a) The lack of suitable comparators in cases whereby organisms developed through techniques of synthetic biology contain features that are significantly different from existing organisms; 

(b) Knowledge gaps in assessing unintended effects that might result from complex changes and novel traits; 

(c) Knowledge gaps in assessing interactions of combinatorial and cumulative effects of multiple organisms developed through synthetic biology being released in the same environment; 

(d) Lack of experience with the introduction of organisms containing engineered gene drives into natural populations”
	Paragraph 41, AHTEG-2

	26 
	“The AHTEG noted the need to develop and conduct assessments of the potential positive and negative impacts of synthetic biology on the three objectives of the Convention, taking into account the continuing loss of biodiversity, including species extinctions and degradation of ecosystems, the relationship between indigenous peoples and local communities and Mother Nature, and the rights recognized by the United Nations Declaration on the Rights of Indigenous Peoples” 
	Paragraph 43, AHTEG-2 

	27 
	“The AHTEG further noted that existing risk assessment considerations and methodologies might not be sufficient or adequate to assess and evaluate the risks that might arise from organisms containing engineered gene drives due to limited experience and the complexity of the potential impacts on the environment. The development or further development of guidelines on risk assessment of organisms containing engineered gene drives by the Convention, other international organizations, national governments and professional bodies would be useful in that regard” 
	Paragraph 44, AHTEG-2 

	28 
	“Current strategies for risk management and monitoring of LMOs might provide a good basis for managing the risks and monitoring potential impacts of organisms developed through synthetic biology. These strategies might need to be adapted and complemented in order to address specific characteristics of organisms developed through synthetic biology” 
	Paragraph 48, AHTEG-2 

	29 
	“Regarding the containment of organisms containing engineered gene drives, the following points were raised: 

(a) Best practices for effective containment of LMOs should be adapted and applied for organisms containing engineered gene drives” 
	Paragraph 51(a), AHTEG-2 

	
	Additional paragraphs
	

	
	Speakers discussed a variety of ways the use of genome editing tools could advance environmental health research, including new research platforms …. Speakers also commented on known limitations and bottlenecks with the use of genome editing tools.

Using the tools to do single nucleotide substitutions is still a challenge,... Their applicability for epigenome editing is still on the horizon, …. The fact that the action of genome editing needs to be validated by polymerase chain reaction sequencing is also a bottleneck

…. the need for information on delivery to different tissue types, as well as methodological input for standardization and optimization. The existence of improved gRNA design algorithms and improved prediction of off-target effects could also help environmental health research move forward

The fact that genome editing knock-outs are different from knock-downs may give prospective users pause,…


	The Promise of

Genome Editing Tools to Advance Environmental Health Research: 2018

https://doi.org/10.17226/25136


	Criterion 6: Magnitude of actual and potential impact of the identified issue on human well-being

 

	30 
	“[…] the AHTEG noted that organisms, components and products of synthetic biology are expected to have similar positive and negative impacts on biological diversity as those of classical genetic engineering. However, the potential positive and negative impacts of synthetic biology may be broader and more wide-ranging due to the potential of synthetic biology to engineer more complex organisms and biological systems for use in a varied range of applications.” 
	Paragraph 44, AHTEG-1 

	31 
	“The recent developments in synthetic biology and the continued pace of development might pose challenges to the ability to understand the possible impacts on biodiversity and human health. There might be a need to consider more thoroughly the potential benefits and potential adverse effects at the ecosystem level, particularly for some developments, such as engineered gene drives” 
	Paragraph 17, AHTEG-2 

	32 
	“The AHTEG recalled the conclusion reached at its previous meeting that the organisms, components and products of synthetic biology are expected to have similar positive and negative impacts on biological diversity as those of classical genetic engineering. However, the potential positive and negative impacts of synthetic biology may be broader and more wide-ranging due to the potential of synthetic biology to engineer more complex organisms and biological systems for use in a varied range of applications”


	Paragraph 22, AHTEG-2 

	
	Additional paragraphs
	

	
	-Repair of double-strand breaks induced by CRISPR–Cas9 leads to large deletions and complex rearrangements 
The utility of the CRISPR–Cas9 system for gene therapy in humans has been recognized and extensively investigated1. Initial concerns about the off-target activity have been addressed by the development of sensitive detection methods, as well as modified Cas9 enzymes and improved delivery protocols that limit this type of damage 

Studies using paired gRNAs to induce localized deletions also reported generation of more complex genotypes, such as inversions, endogenous and exogenous DNA insertions, and larger than- expected deletions

Furthermore, lesions distal to the cut site and crossover events were identified. The observed genomic damage in mitotically active cells caused by CRISPR–Cas9 editing may have pathogenic consequences.

- ….the need for improved algorithms to predict off-target effect of gRNAs and improved methods to detect inadvertent germline editing or other off-target effects in the genome, including insertions, deletions, and chromosomal instability and unwanted immunogenicity……

-As a result, deliberately intervening in the human genome for the purposes of selecting traits of future children has now become a real and distinct possibility.

In the UK, genome editing for reproductive purposes is currently unlawful. We make several recommendations concerning how deliberate interventions into the human genome should be governed; including recommendations concerning what we think is needed prior to any move to amend UK legislation to permit heritable genome editing…..the prospect of such a move remains a very long way off and, indeed, might never arrive,….

We can, indeed, envisage circumstances in which heritable genome editing interventions should be permitted. These circumstances do not obtain at present. We believe, however, that there is a real possibility that they could obtain in the future.

- While we, the organizing committee of the second summit, applaud the rapid advance of somatic gene editing into clinical trials, we continue to believe that proceeding with any clinical use of germline editing remains irresponsible at this time.

-…… “the concept of altering the human germline in embryos for clinical purposes has been debated over many years from many different perspectives, and has been viewed almost universally as a line that should not be crossed

Somatic applications of CRISPR-Cas9 technology typically raise fewer ethical issues than do germline applications of the technology in humans. For some, the potential use of this technology in somatic cells for non-disease applications (also referred to as “enhancement”) would raise ethical issues. An enhancement would be a modification to a normative non-disease trait to make an improvement to it; such traits might include, for example, strength or intelligence. Conversely, the modification of somatic cells using CRISPR-Cas9 for the purposes of treating or curing disease primarily raises issues of safety rather than of ethics. Specifically, with CRISPR-Cas9 gene editing, scientists are concerned, among other things, with the accuracy of the initial cut in the DNA; with the integration of the replacement genetic material being incorporated at the site of the cut; and with “off-target” activity (meaning unintended cuts and/or integration of replacement genetic material at additional unintended sites in the host genome).

- The National Academy of Sciences110 warns that:

“Gene drives developed for agricultural purposes could also have adverse effects on human wellbeing.


	nature biotechnology advance published 16 July 2018
http://dx.doi.org/10.1038/nbt.4192
The Promise of

Genome Editing Tools to Advance Environmental Health Research: 2018

https://doi.org/10.17226/25136
Nuffield Council on Bioethics (2018) 

http://www.espcolour.com
Statement  Second International Summit on Human Genome Editing 

Nov 29, 2018

http://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=11282018b
Advanced Gene Editing: CRISPR-Cas9. Dec 2018

https://crsreports.congress.gov
Gene-edited organisms in agriculture: Risks and unexpected consequences  Sept 2018

www.foe.org


	Criterion 7: Magnitude of actual and potential impact of the identified issue on productive sectors and economic well-being as related to the conservation and sustainable use of biodiversity 

	33 
	“In its deliberations the Group highlighted several applications, such as bioenergy, agriculture, pharmaceuticals and chemical production, where organisms, components and products of synthetic biology may interact with biological diversity. Those applications, the Group noted, may have both positive and negative impacts on biological diversity at different levels, including genes, species and ecosystems.” 
	Paragraph 26, AHTEG-1 

	34 
	“With respect to the issue of potential benefits and potential adverse effects that may affect biological diversity, and, in particular, its sustainable use, the AHTEG noted that synthetic biology, due to its higher level of complexity, must be placed in the context of other ongoing developments and national strategies, such as existing strategies and approaches on bio-economy, biotechnology, agriculture and biodiversity.” 
	Paragraph 49, AHTEG-1 

	35 
	“The assessment of the potential benefits and potential adverse effects of synthetic biology is challenged by the difficulty of distinguishing which socioeconomic changes result from the introduction of synthetic biology. Under such circumstances, it may be necessary to introduce appropriate methods from relevant scientific disciplines to take socioeconomic considerations into account.” 
	Paragraph 50, AHTEG-1 

	
	Additional paragraphs
	

	
	-Over the next 5 to 10 years, the National Academy of Sciences projects a rapid increase in the scale, scope, complexity, and development rate of biotechnology products, many enabled by CRISPR-Cas9. Concomitant with the promise of potential benefits, such advances may pose new risks and raise ethical concerns

In August 2018, Ireland-based Research and Markets estimated that the global market for gene editing will grow at a compound annual growth rate (CAGR) of 33.26% from $551.2 million in 2017 to $3.087 billion in 2023. 

India-based Markets and Markets estimated that the global market for gene editing will increase from $3.19 billion in 2017 to $6.28 billion in 2022 

A February 2017 projection by the U.S.-based market research firm Grand View Research anticipates the global market for gene editing will reach $8.1 billion by 2025.


	Advanced Gene Editing: CRISPR-Cas9. Dec 2018

https://crsreports.congress.gov


	
	…Another potential issue is that applications of genome editing potentially involve the modification of billions of cells, but the current limit of detection for off-target effects is ~1/10,000 ….


	The Promise of

Genome Editing Tools to Advance Environmental Health Research: 2018

https://doi.org/10.17226/25136



(b) New technological developments in synthetic biology since the last meeting of the Ad Hoc Technical Expert Group in December 2017, including the consideration, among other things, of concrete applications of genome editing if they relate to synthetic biology, in order to support a broad and regular horizon scanning process; 

· Repair of double-strand breaks induced by CRISPR–Cas9 leads to large deletions and complex rearrangements 

“The utility of the CRISPR–Cas9 system for gene therapy in humans has been recognized and extensively investigated. Initial concerns about the off-target activity have been addressed by the development of sensitive detection methods, as well as modified Cas9 enzymes and improved delivery protocols that limit this type of damage 

Studies using paired gRNAs to induce localized deletions also reported generation of more complex genotypes, such as inversions, endogenous and exogenous DNA insertions, and larger than- expected deletions

Furthermore, lesions distal to the cut site and crossover events were identified. The observed genomic damage in mitotically active cells caused by CRISPR–Cas9 editing may have pathogenic consequences.”

nature biotechnology advance published online 16 July 2018

http://dx.doi.org/10.1038/nbt.4192
· The CRISPR-based technologies will undoubtedly continue to transform basic as well as clinical and biotechnological research. However, the road ahead is not free of 

      obstacles. One such obstacle is the potential immunogenicity to CRISPR-Cas9

      proteins. The most widely used Cas9 proteins are from S. aureus and S. pyogenes.

     Notably, since these bacteria cause infectious disease in humans at high frequencies, 

     a recent report documented that more than half of humans may already have pre-

     existing humoral and cell-mediated adaptive immune responses to Cas9 proteins.

          Therefore, as the CRISPR-Cas9 system moves forward into clinical trials, this factor  

          must be taken into account….in parallel to the current advancements, additional

          studies are needed to address the safety and specificity of such tools

The CRISPR tool kit for genome editing and beyond 

Nature Communications volume 9, 2018 Article : 1911

· Gene editing applications under development

Gene editing is being proposed for a wide range of potential traits. Pilot or “proof of concept” studies demonstrating feasibility for both plants and animals have been published in scientific journals. On animals, they include the development of pigs with resistance to certain diseases51 and “double-muscled” beef cattle, which raise ethical concerns because the over-developed muscles can cause breathing problems52 and other health issues. There is also research on gene-edited insects for use in gene drives (see Gene Drives). For plants, gene edited traits under development include drought tolerance in corn, virus resistance in cucumbers, altered flowering time in tomatoes and altered composition in soybean.53 However, the most common trait for plants is herbicide tolerance.54
Gene-edited organisms in agriculture: Risks and unexpected consequences. Sept 2018

www.foe.org
(c) The current state of knowledge by analyzing information, including but not limited to peer-reviewed published literature, on the potential positive and negative environmental impacts, taking into account human health, cultural and socioeconomic impacts, especially with regard to the value of biodiversity to indigenous peoples and local communities, of current and near-future applications of  synthetic biology, including those applications that involve organisms containing engineered gene drives, taking into account the traits and species potentially subject to release and the dynamics of their dissemination;  

The CRISPR tool kit for genome editing and beyond

Nature Communications volume 9, 2018 Article : 1911 

The CRISPR-based technologies will undoubtedly continue to transform basic as well as clinical and biotechnological research. However, the road ahead is not free of obstacles. One such obstacle is the potential immunogenicity to CRISPR-Cas9 proteins. The most widely used Cas9 proteins are from S. aureus and S. pyogenes. Notably, since these bacteria cause infectious disease in humans at high frequencies, a recent report documented that more than half of humans may already have pre-existing humoral and cell-mediated adaptive immune responses to Cas9 proteins.

Therefore, as the CRISPR-Cas9 system moves forward into clinical trials, this factor must be taken into account

Therefore, in parallel to the current advancements, additional studies are needed to address the safety and specificity of such tools. Furthermore, sufficient considerations need to be devoted to the social and ethical implications of such technologies so that they will be accessible to all layers of society and benefit all humankind.

Advanced Gene Editing: CRISPR-Cas9. Dec 2018

https://crsreports.congress.gov
-Over the next 5 to 10 years, the National Academy of Sciences projects a rapid increase in the scale, scope, complexity, and development rate of biotechnology products, many enabled by CRISPR-Cas9. Concomitant with the promise of potential benefits, such advances may pose new risks and raise ethical concerns

Generally, the ethical concerns have centered on three main issues or variants of these issues: 

• that the technology could create inherent inequities due to differential access by those with resources and those without; 

• that changes to the germline would be passed on to future generations and therefore might alter the genetic makeup of the population in unintended or unforeseen ways and without the permission of those affected; and 

• that modification might be used for enhancement purposes rather than only for curing or treating disease or restoring lost function.

Anticipation of potential benefits of CRISPR-Cas9-enabled gene drives to human health, agriculture, and the environment is accompanied by concern over potential negative consequences to other species and ecosystems

…..scientists are concerned, among other things, with the accuracy of the initial cut in the DNA; with the integration of the replacement genetic material being incorporated at the site of the cut; and with “off-target” activity (meaning unintended cuts and/or integration of replacement genetic material at additional unintended sites in the host genome). These problems have been shown to be fairly common in early research using CRISPR-Cas9. However, ethical issues could be raised secondary to safety concerns that were not adequately addressed prior to use of the technology in humans, and there may be differing perspectives on whether a safety concern has been adequately addressed, potentially compounding any ethical concerns.

Concerns about environmental justice and who will be responsible for addressing unanticipated public health or environmental harms……

The question is not whether to engage communities, stakeholders, and publics in decisions about gene drive technologies, but how best to do so.

(d) Living organisms developed thus far through new developments in synthetic biology that may fall outside the definition of living modified organisms as per the Cartagena Protocol. 

Most known living organisms already developed or currently under research and development through techniques of synthetic biology, including organisms containing engineered gene drives, still fell under the definition of LMOs as per the Cartagena Protocol.
� See decision XIII/17.


� Decision XIII/18.





