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Comments on the Technical Series on Synthetic Biology


	Page #
	Line #
	Comment

	0
	0
	The fundamental problem with the document is the lack of a clear definition of synthetic biology (and other biological terms) and the incomprehensible mixing of different subjects and methods that do not really have anything to do with each other (from genome editing to classical genetic engineering to gene drives, all under the umbrella term of synthetic biology); see for example  https://epsoweb.org/wp-content/uploads/2018/11/17_08_30_EPSO_Synthetic-Biology_updated-Statement.pdf
Considering a genome-edited soybean, for example, that only carries a simple knockout mutation (permanent alteration of the genetic material through specifically making one or more genes inoperative), a product of synthetic biology is bold. The displacement of "natural" products by synthetic products has nothing to do with synthetic biology but is (if anything) a problem that is independent of the manufacturing process. For example, if vanillin is no longer produced from vanilla but chemically from wood, as is already predominantly the case, there are the same "problems" as if one were to use synthetic biology methods for vanillin production (e.g., key message 8 in the Executive Summary). In this respect, the document is fatally reminiscent of the demagogic argumentation on green genetic engineering, where there are still regular attempts to present general problems of agricultural production (monocultures, variety monopolies, etc.) as problems specific to genetic engineering.
At the same time, it is hardly possible to assess how even small trait shifts in species communities in the field (natural or not) initiate community-assembly processes that potentially lead to species shift or biodiversity reduction. It is difficult to predict if and when genome editing will create a "super species". Such possible consequences of genome editing and classical mutation or mutagenesis breeding, but also of synthetic biology, should be taken seriously, and a roadmap for how to investigate ecological risks should be developed. Although there are cultivated species that disperse into semi-natural habitats and lead to the displacement of biotic communities, this has not been sufficiently described in the literature so far or only for invasive alien species and too little in the agricultural context.
Overall, therefore, a detailed specification of the different subjects mentioned at the beginning would be desirable, as well as a clear delineation of methods and modified organisms with specific risk assessment in each case. If the legislation continues to stick to method-related regulations and does not take the risk assessment of the intended modified organisms or biological entities as a decision criterion for specific applications, no progress can be made in the matter. As with the release of genetically modified organisms, a step-by-step approach – where possible – is certainly sensible. Otherwise, precise impact assessments must be carried out in the event of non-retrievability from nature. In the case of gene drive this is certainly relevant, but in the case of small point mutations, which could also occur spontaneously, rather not.
All this ultimately leads to a document that is incoherent in itself and that, in its current form, can only accompany a critical discourse on synthetic biology but hardly serve as a basis for decision-making. In fact, the current situation of decision-making processes concerning synthetic biology and genome editing is very dynamic. In order to promote research and innovation, the CBD should revise the document to achieve a comprehensive text, including robust subject definitions and with an appropriate timeframe.

These remarks are substantiated as follows:

	0
	0
	The entire document suffers and loses credibility through the lack of a clear definition of what is considered synthetic biology. This leads to a confusion of synthetic biology applications with classical GMOs and with conventional genetic engineering. 
Overall, the document mostly ignores the fact that synthetic biology applications can overcome limitations of classical agriculture and GMOs with respect to invasiveness and potential harm. The rational design phase inherent to synthetic biology contributes to a tighter control over the product organism. It is possible to establish reliable containment strategies.
In many passages the tone of the document implies that synthetic biology organisms would principally carry a higher risk than, for instance, introducing whatever non-GMO or GMO organism in each environment. It is hence not sensible to evaluate them on different grounds.
The document misleadingly confuses gene editing with gene drives; the underlying agenda is apparently to discredit gene editing as a method. The apparent intention is to counter a regulatory approach that considers the product and not the process or means involved in generating such organism, for instance in regulatory frameworks for feedstock/foods (EFSA, USDA/FDA). If the product of an edited organism (plant) is not different (environmental risk, nutritional aspects) from a corresponding wild type, a naturally occurring or randomly induced mutant, or a conventionally bread organisms, then there are no scientific grounds for considering or regulating it differently.

	8
	6-8 & 15-20
	In principle a potential risk to biodiversity would only arise from an organism that is released to the environment (in the sense of an unmanaged or wild setting). The remainder is just carried out comparable to normal agriculture, animal production. As a general thing and given that by definition one knows the produce in principle perfectly or better (synbio) than when making (natural) hybrids, etc, the guidelines to be applied in all three contexts, should by no means be harsher than those applied to any other modified or unmodified organism.

	8
	13-15
	It is unclear why CRISPR/Cas9 gene editing is discussed in an agricultural context here. Most of what is currently done by gene editing does not involve the transfer of foreign DNA to the final product and hence in many countries is not considered under GMO legislation. Genome-editing approaches that do not introduce foreign DNA should not be considered in the context of synthetic biology. This is also clearly different from ensuing text on gene-drives, which clearly is an entirely different category of genetic engineering. Like in many other parts of the document, genome editing is confused with gene drives and GMOs. 

	8
	32-34
	Again, here it is ignored that by definition of a synbio product, one knows much better what has been modified. It´s part of the modelling process in the design phase and in the evaluation of the product. This is how some regulatory bodies evaluate synbio feedstock/food.

	8-9
	42-2
	It is deeply problematic and questionable to associate CBD with regulatory oversight on synthetic biology. Does not make sense at all to us. In which respect is it any different with respect to biodiversity than any generic human (agricultural) activity carried out over the past 10,000 years? In our opinion, synthetic biology is much more targeted and controllable than traditional breeding or biotech approaches. 

	9
	3-11
	This holds and is inherent for any economic or technological activity. It is unfounded to single out synthetic biology in this context. 

	9
	28
	We do see reason to consider gene drives differently, because of their built-in/by-design capacity to propagate through populations. However, with the exception of such gene drives, there is little reason to consider synthetic biology differently from any classical GMOs. 

	9
	34-49
	This paragraph mixes, like many other parts of the document, approaches with potential to conserve biodiversity with gene-drive approaches that aim at eliminating “unwanted” biodiversity. There is a fundamental difference between the fermentation-based biosynthesis of a natural product that avoids resourcing from natural, endangered populations, and the elimination of, e.g., disease vectors or invasive species. 

	10
	1-9
	Most of what is described here cannot be considered synthetic biology products

	10
	26
	Why was the timeframe starting with 1980 considered? 1980 is the time when classical genetic engineering became possible. Synthetic biology as a recognized discipline in life sciences can be dated to the beginning of the 2000s, although the term has been (rarely) used before. 

	10
	44-45
	It is unfounded to classify the genome-edited crops mentioned as products of synthetic biology? Following lines – it is misleading to repeatedly mention genome-editing in the context of gene drives. While genome editing can be applied to build gene drives, the vast majority of genome editing events are targeted mutagenesis, not gene drives. It would make sense to consider gene editing throughout this document only if it is applied to generate gene drives.  

	11
	11-26
	Any regular crop, animal introduced, i.e. any human activity leads to this. There is no need to regulate synthetic biology any differently. In turn, the organism as in synbio applications has modifications perfectly tractable, are thoroughly described, with a tighter control being possible

	11
	20
	Typo, should read “tropical” not “topical”

	11
	24
	“complex web of potential interactions” is not specifically inherent to SynBio applications; it is rather a generic aspect of any economic activity. Should hence not be considered in the context of SynBio but rather is an aspect of international trade laws

	11
	37-38
	Some of these applications directly target 37 global challenges such as climate change by for instance aiming at increasing the resilience of species 38 to climate change (i.e. in corals),.. =>  Species with higher resilience to climate change should be excluded from SynBio; otherwise natural adaption and evolution would have to be included, too.

	11
	40-41
	applications are also targeting the replacement of natural materials to take pressure of wild populations, 40 as is the case of the production of recombinant Factor C (rFC) from synthetic horseshoe crab blood,.. => this is just recombinant technology / molecualr biology  and not SynBio

	12
	12-16
	Synthetic biology relies on a suite of supporting technologies and tools that enable the engineering and 12 creation of biological components. These tools could include DNA synthesis, directed evolution, 13 genome editing, engineered gene drives, RNA interference, artificial intelligence, machine learning, 14 biofoundries, and BioBricks. Synthetic biology also covers several areas of research such as nucleic 15 acid-based circuits, protein engineering, metabolic pathway engineering, genome level engineering, 16 protocell construction, xenobiology, and cell-free systems. => This "definition" is vague and not specific. It is essential to distinguish between synthetic biology being performed in research facilities by experts from amateur endeavours. The following of biosecurity guidelines, knowledge, equipment, infrastructure and necessary and documented expertise in biosafety and biocontainment practices and regulations must be complied. See also Section 5. 

	13
	14-25
	For example, the replacement of natural products with products resulting from synthetic biology could 14 lessen the pressure on natural habitats but could also disrupt in situ conservation projects. There may be 15 the need to consider creating rules for specimens produced from synthetic or cultured DNA as the 16 demand for them could not only lead to an increase in the demand for (illegal) natural specimens, but 17 they could also be mixed with (illegal) natural specimens. The displacement of some of the natural 18 products (i.e. naturally occurring molecules obtained from plants) can also potentially ease negative 19 pressures on wild or cultivated species, but it can also displace cultivation practices, often in topical and 20 sub-tropical regions. If not handled sensitively, this therefore may bring them into conflict with, or 21 displace, those naturally sourced products which underpin the livelihoods and fragile economies of 22 smallholder producers. Similar situations and examples could be cited for other synthetic biology 23 applications. This complex web of potential interactions derived from the use of synthetic biology 24 applications in various scenarios is therefore adding to the challenges of assessing the potential impacts 25 that could be associated with their use. => This part should not be considered as of SynBio but instead addressed in the context of agricultural development / seed development and use. Again, product- and use-related risk assessment, not on the method of generation / construction of species/strains

	13
	18-21
	It is unfounded to expand the mandate of CBD into regulation of SynBio. 
Let’s assume a new chemical synthetic pathway for a natural product is developed and will replace a nature-derived product that would provide income to IPLCs. CBD would not consider this. However, such product made by metabolic engineering would fall under CBD. This would base regulatory oversight on the process and not on the product, which makes little sense with respect to the outcome. 
Example: Vanillin, chemically synthesized or produced from biological precursors such as wood chips, would not be considered under CBD. Vanillin produced by fermentation of engineered yeast would be considered synthetic biology under CBD. Same compound, different regulations, based on the method of production. 
The intrinsic multidisciplinarty and the plethora of stakeholders, together with the fast pace of scientific and social development requires many other actors, e.g. industry, research, education, to be involved. Starting of course with the experts themselves.

	13 
-14
	28 
-7
	Communication, engagement and transparency => These chapters should removed or reformulated after clearly defining the term of SynBio.

	13-14
	Table 1
	should be restructured, parts not addressed as SynBio. Examples:
• Plant-based vaccines
• Engineered phages as anti-microbials.
• Engineered probiotics for the production and in vivo delivery of medicines.
• Genetically engineered nitrogen-fixing bacteria and other genetically engineered bacteria for agriculture.
• Genetically engineered plants to produce recombinant polyclonal antibodies against snake venom toxins.
• Genome edited crop plants and farm animals.
• Genetically engineered sorghum to produce a new synthetic protein to improve the digestibility in food and feed.
• Genetically engineered oilseed rape to enhance resource use efficiency of existing cropland.
• Genome edited soya bean and oilseed rape.
• Biological nitrogen fertiliser based on engineered bacteria.
• Genetically engineered bacteria for environmental applications, such as bioremediation, biodegradation and biomining.
• Conservation purposes and control of vector-borne disease.
• Improving the resilience of wild animal and plant populations

	14
	Table 1, 2nd row
	Unclear why a range of genome-edited plants are mentioned here. They wouldn’t be considered products of synthetic biology, in several cases not even as GMOs. The sole process of gene-editing a plant does not imply it will be a synthetic biology product, most of the examples given are just classical genetic engineered products. The definition of a synthetic biology product is not clearly stated throughout the text.

	15
	13-16
	Definition used here does not allow for a distinction between canonical biotechnology and synthetic biology. It rather leads to a “catch-all” that puts any genetic engineering under the SynBio umbrella. 

	16
	26-28
	Most of the examples chosen are not synthetic biology approaches but just canonical biotechnology/genetic engineering (Sections C and D).

	17
	1-3
	This actually leads to safer products

	17
	9
	As in page 10, line 26. The origin of synthetic biology is not 1980 but 2000.

	18
	30-35
	In many cases there is no need for stable transformations, this is becoming common practice. Again editing (which per se is not necessarily synthetic biology, exceptions articles of Zsögön et al 2018 & Kwon et al 2020) is confused with gene drive throughout. There must be a clear distinction between methods and procedures and a synthetic biology approach (that might use those techniques). It is confused throughout the entire document.

	24
	37-42
	These are not synthetic biology approaches but just classical protein engineering

	25
	42-43
	A correction to the South et al. (2019) reference given here has been published; it appears the statistically supported gain in biomass is less than 40%. Needs updating. 

	27
	1-5
	What is the rationale for considering protocells or minimal cells in the context of CBD? They are per definition and construction non-living systems as stated in the text.

	27
	29
	Why to include xenobiotics in the context of CBD? These eventual products will be orthogonal organisms not posing any ecological threat.

	28-29
	28-10
	What is the rationale for considering cell-free technologies in the context of CBD? These are non-living systems, even under the most lenient definitions of life and do not have the ability to replicate. Possibly relevant to digital sequence information (as a code base for in vitro produced proteins), hence already covered in this sphere.  

	30
	36-40
	Not a synthetic biology application and not a gene-drive system. 

	31
	24-26
	Recent data indicates that this mutation was not obtained by ODM but is rather a spontaneous mutation that arose during tissue culture. Certainly not an example for synthetic biology (point mutations, no foreign DNA etc), because an identical trait achieved by selection for naturally occurring mutations is marketed by BASF under the trade name “ClearField”. Both Cibus and Clearfield oil seed rape would have identical properties w/r to herbicide tolerance, one would be considered as synthetic biology, the other one not. 

	31-32
	34-4
	Most crop plant examples listed here should not be considered “synthetic biology”, most carry single base mutations or small deletions/insertions. The criterion “made with CRISPR/Cas9” would not render these synthetic biology products in any way and in several major markets they would not be regulated as GMOs anyway.  

	32-33
	39-2
	Description seems odd – how can knockout lines of genes encoding a receptor be transformed into a rape-seed cultivar? Was genome editing used to achieve the knockout in the strigolactone receptor in the rapeseed cultivar Westar? In any case, knockout of a particular gene can also be achieved by undirected (random) mutagenesis, albeit with less precision and hence more potential risk. The resulting cultivar would nevertheless not be considered a regulated GMO and not a synthetic biology product. Another case for confusing targeted mutagenesis with synthetic biology, a theme that runs throughout the entire document. 
Apparently a naturally-occurring partial loss-of-function allele of strigolactone pathway underpins Green Revolution elite rice cultivars. To cite from the Stanic et al (2020) paper “Recently, it has been shown that specific SL partial loss-of-function alleles were also artificially selected for, along with GA mutant alleles, in the generation of elite dwarfed rice varieties during the green revolution (Wang et al., 2020).” I.e., a very substantial portion of the population is consuming products derived from plants that carry the same genetic feature, without ever being considered as synthetic biology products. Another case for arguing with the means of production, rather than considering the actual product.  

	33
	13-16
	What is called “synthetic beneficial microbiota” does usually not involve any genetic engineering, but rather an inoculum consisting of selected, naturally-occurring bacterial strains (synthetic microbial community or SynCom). Has nothing to do with synthetic biology, despite the (confusing) use of the word “synthetic”.  

	34
	8
	These are transient modifications, non-inheritable.

	34-37
	34-19
	Many of the examples included are not synthetic biology products but the result of typical classical genetic engineering/biotechnological approaches, e.g. recombinant proteins. In addition, most of these products should however not fall into CDB mandate, the method of production is considered and not the product itself which is indistinguishable from the natural or chemically synthesised compound. See above for “vainillin.”

	38
	22
	Protocells are not living organisms (see above).

	38
	36-41
	A virus is not to be considered as a microorganism.

	36
	16
	It is unfounded to expand the CBD mandate to synthetised , in vitro produced DNA?

	40
	5-17
	See above example vainillin. Why to regulate such a product.

	40
	37-39
	Not all these approaches involve gene drives. Throughout the whole section 4.1 a generalised used of “drives” is present, while this is not necessarily the case for several/most of the applications which involve Mendelian inheritance molecular systems.

	57-60
	Section 6
	There is a lack of a clear definition of what is considered synthetic biology. This leads to a confusion of synthetic biology applications with classical GMOs and with conventional genetic engineering.





Please submit your comments to secretariat@cbd.int.
