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Comments on the Technical Series on Synthetic Biology


	Page #
	Line #
	Comment

	0
	0
	The comments submitted herein represent the views gathered from leading practitioners of synthetic biology in the UK supporting the work of the Leadership Council and presented here on behalf of the UK Engineering Biology Leadership Council.  As such, they represent views sometimes expressed in terms of ‘I’ or ‘we’ that we consider particularly important to be considered within this consultation.  The advisory nature of the Leadership Council is such that they do not necessarily represent the formal views of any particular constituency represented within the Council.    

This report was commissioned to ‘consider the potential positive and negative impacts …of synthetic biology’ (p1 line 9). However, the report largely fails to consider the potential positive impacts and does not address the opportunity cost of doing nothing. Indeed, this is conspicuously absent from the entire report. Our world is in crisis and the biggest threat is climate change driven by our fossil fuel based economy. Synthetic biology is one of very few technologies that has the potential to create a meaningful and positive impact. A transition to a bio-based economy should be an enormous impetus and driving force for this report, since this alone will have the most positive outcome for biodiversity and sustainability on our planet.

There is an insufficient balance of risk and benefit with undue focus on risk, without due consideration of the risk associated with current approaches i.e. of doing nothing. The report ignores the fact that synthetic biology does not exist in a technological vacuum. Many aspects of human behaviour drive biological evolution and change. For instance the use of antibiotics has driven the increase of antibiotic resistance to the extent that it now constitutes an enormous threat to human health. However, antibiotics have been second only to vaccines in saving lives and improving healthcare and I have never heard anyone suggest that they should never have been used because there might one day be resistance. Yet, this report seeks to limit the use of technologies with huge potential, not just for humankind, but for our planetary ecosystem.

When considering and evaluating risk, we need to look more carefully at the modes and consequences of failure. Gene drives represent a radical new approach to combating insect borne diseases and pests. The fact that they actively propagate a genetic trait through a population is a radical change in genetic engineering. Yet we also know that these gene drives are very specific for their host populations, there is no viable mechanism of escape to other organisms. Citing the risk of off-target mutation is ridiculous given the acceptance of non-specific radiation and chemical based mutation methods. We also have good understanding of how gene drives break, their specificity means that they are susceptible to mutational escape. But these broken gene drives do not represent a risk. They can no longer force their spread through the population and their presence declines naturally. Indeed, our own genomes are full of broken transposable elements – natural mobile elements of DNA that can no longer move around, nature’s own gene drive failures.

Case-by-case risk assessment is important, but do not overstate the case of the ‘uniqueness’ of synthetic biology.



	8
	
	The summary sets out the settings for application as being (i) contained, (ii) managed and semi-managed and (iii) unmanaged or wild. This ignores the medical setting, which given the context is fundamentally different from the description of the managed and semi-managed settings. There are important areas of development in microbiome and cancer therapies that are completely ignored in this report. This should either be stated that this is deliberately excluded, and reasons given, or be included and discussed appropriately.

	8
	1-48
	Synthetic biology in this section is framed only in risk terms, but it is important to note that it can directly help protect biodiversity. For example by reducing the need to use broad-spectrum chemicals for agriculture and by reducing the extent of damage to the natural environment in pursuit of rare chemicals by enabling their synthesis instead of extraction in minute quantities from plants grown in sensitive regions.  

	8
	16
	Could comment on which types of traits are being spread (e.g. inability to transmit Plasmodium, the malaria-causing pathogen in Anopheles), noting including dengue-fever, yellow fever, chikungunya and Nile Fever as mosquito populations spread their habitats away from their native origins into formerly more temperate regions as a result of climate change.
 

	8
	35
	This statement conveys the implication that synthetic biology is an entity that needs specific governance, and that the differing rates of framework development somehow imply a lack of governance, when in fact the differences are often not a result of a lack of technical data but relate to regional interpretations (cf regulations on gene editing).    It should be noted that for the vast majority of products, synthetic biology merely serves as an alternative channel for design and production, and that relevant regulations such as food safety standards, apply.   
We feel that an over complicated/stringent regulatory framework might cause irreparable damage to the discipline and substantially delay translational efforts. We have argued in [1,2,3] of ways in which the process of research (and hence translation) could be made more responsible, transparent and robust without stifling regulation. 
[1] Linking Engineered Cells to Their Digital Twins: A Version Control System for Strain Engineering. ACS Synth. Biol. 2020, 9, 3, 536–545, 2020, https://doi.org/10.1021/acssynbio.9b00400 
[2] For the sake of the Bioeconomy: define what a Synthetic Biology Chassis is! New Biotechnology, 2020, 60,https://doi.org/10.1016/j.nbt.2020.08.004. 
[3] Versioning Biological Cells for Trustworthy Cell Engineering. bioRxiv 2021.04.23.441106; doi: https://doi.org/10.1101/2021.04.23.441106 


	9
	34-49
	See the introductory comments above – this section (2) does not provide an adequate risk-benefit analysis.


	10
	1-9
	This section (3) is misleading as it does not identify the key areas of industrial activity. The greatest products are proteins and enzymes produced in containment, such as chymotrypsin used in cheese production and washing powder enzymes used in laundry detergents. The scope and scale of this industry is enormous and synthetic biology has significantly increased its reach into flavours, fragrances, cosmetics, synthetic rubber etc. It is factually incorrect to say that it is being driven by synthetic DNA and nucleic acids, this is a niche research product. The reference to therapeutics and the CRISPR toolbox is also misleading here.


	10
	23-34
	The point about research and development taking place in a relatively small number of countries is true of all areas of scientific research and is not limited to synthetic biology. Indeed many aspects of synbio are seeking to democratise the science and address these inequalities. I myself have been involved with the development of low cost approaches and have been working with resource limited countries to improve education and science opportunities and capabilities.


	10
	37
	This ignores the enormous industrial activity highlight in the comment to message 3 above. People have been interacting with and eating the products of synthetic biology for decades. Synthetic biology is not as new or as radical as this seeks point seeks to make it.

	11
	1-10
	This section (7) is simply untrue and unfounded. GMOs can be considered as early products of synthetic biology. They have now been used in the environment for nearly 3 decades and as of 2013 there were 432 million acres under cultivation (ISAAA 2013 Annual Report Executive Summary, Global Status of Commercialized Biotech/GM Crops: 2013 ISAAA Brief 46-2013). Further, these crops were based on extensive testing of lab and field based trials, so is extensive experience of taking products from the lab into the real world.
The argument that Synthetic Biology should be regulated similarly to GMOS due to the lack of data of commercialised products is very vague. Indeed, extensive assessment of this issue has been devoted by regulators globally, leading to clear delineation between GE and GMO regulatory spaces. Only within Europe has the balance been determined upon legal and not technical considerations, a position that has been strongly challenged by the scientific community.

	11
	11-26
	The first sentence of this section (8) cannot be meaningfully understood without more context. Some of this emerges further down the paragraph. However, it points to arguments that are wholly unrelated to the science. Similar concerns can be raised with regard to many other technologies, as they indeed have done throughout history. For instance, driverless cars will displace millions of jobs. While these concerns are real, they are questions of economics and policy and have no bearing on the safety and biodiversity considerations of the science and technology under discussion. Indeed they could just as easily be considered an opportunity for local management of land use and resource prioritisation. For instance replacing palm oil plantations by synthetic production of palm oil could have tremendous ecological benefits. The implications as currently framed are all taken as a negative context for the technology.

	11
	29-40
	It should be noted that the synthetic biology research community has been actively engaged with outreach and leading the integration of Responsible Research and Innovation with funding and development frameworks.
See comments below re conclusions section p131

	11
	42-51
	In the UK Responsible Research and Innovation is integrated into the funding process. (see comments and reference re p131)

	12
	8-23
	Biosecurity is tremendously important and it should also be noted that the synthetic biology community has also been at the leading edge of educating researchers in these aspects of RRI, and sponsoring workshops to ensure dur consideration has been given to this aspect

	12
	27-38
	The effectiveness of the current regulatory environment should not be ignored here. I am not sure that a new paradigm is entirely required, but we do need to create an enabling rather than an inhibitory environment. This section must stress the potential benefits and the RISK OF DOING NOTHING.

	12
	47-50
	Synthetic biology is and should be viewed as a continuum from early genetic engineering in the 1970s. Indeed, it can be argued that the first true synthetic biology product was human insulin manufactured from engineered E. coli from a chemically synthesised gene. It is thus reaching a degree of maturity as it has now been going for nearly 50 years. The scope and scale has indeed radically changed, but this scope and scale addresses the degree of technical know-how, data input and output. This increase in capability is actually aimed at increasing the precision of what is being done, so that the output is both more predictable and more reliable than with less sophisticated efforts. 
This increase in precision must be contrasted to the non-specific methods of biological development that were used in the past and in fact in many cases are still being used. Plant breeding induces non-specific and widespread genetic changes. Non-conventional plant breeding methods enable the mating of plants that could not occur naturally, the induced genetic changes are inherently unpredictable and non-specific. Similarly mutation methods for the development of plant varietals are widely used and more than 2000 crop variants in use today were isolated by such methods. Again, these methods are untargeted and the changes are unpredictable and non-specific. Surprisingly therefore, the products of both of these methods are not subject to rigorous safety evaluation but are considered ‘natural’. The scope and scale argument therefore does not support a definitive requirement for more regulation, the focus should be on precision, specificity and scope for unintended consequences. Such a perspective might raise significant questions over approaches that are currently considered natural.
There are extensive existing safety laws for synthetic biology that are covered by a wide variety of regulations depending on the organism being used and the application environment. There are very few synthetic biology developments that need to be considered as a radical departure. Gene drives may be considered one such example, but as highlighted in point 13, these have been widely signalled through granting bodies, journal articles, conferences etc. Those working in this field are actively engaged in responsible research and innovation and this can in many regards be considered a model for how to approach technology with far reaching implications.

	12
	48

	This is not a foregone conclusion.  The basic principles set out in the past generally do not change radically.   With regard to specific technical advancements, regulations will need to be updated as appropriate.  The default issue is generally that outdated regulations pose a blocker to progress, whilst new evidence and understanding is as likely to decrease the perceived risk relative to an earlier state of unknowing or uncertainty.    As written, this section implies that the only risk is one of biosafety, when the inadvertent blocking of essential solutions is also at stake. Much environmental damage has already been done by other technologies.    New developments in synthetic biology do not exist in a technological vacuum, but must be assessed in relation to the impact that existing technologies have on the world, such a climate change and loss of biodiversity from deforestation, and the potential for synthetic biology to develop solutions that can help reverse this damage and generate a more sustainable world for generations to come.

	13-14
	Table1
	‘food and food ingredients’ is listed, but the significance of biodiversity is not reflected.  The potential to reduce demand for meat through substitution could have profound benefits in terms of reducing pressure to deforest rainforests and other sensitive lands by diminishing both the grazing land area required and that for growing soya and other cattle feed components. 
‘Genome edited crop plants and farm animals’ should also include the words ‘to confer disease resistance and resilience to other environmental challenges’  
By simply listing issues without noting the potential benefits from the application of synthetic biology in these areas, there is a risk that these topics may be simply reviewed as a risk or as an unnecessary technological intervention, instead of a positively-motivated innovation in response to marketplace needs and challenges. 

	13
	9-28
	I agree that there are significant differences in these laws between jurisdictions and it is worth considering whether there should be a more streamlined and uniformed approach to regulation. This would make it easier and more transparent for technological development and also easier for less developed nations to bring their regulatory frameworks up to date. This would have the benefit of widespread consistency and prevent unethical developments in less well regulated jurisdictions.

	13
	29-38

	This is basically a reframing of point 15.

	15
	24
	This and other statements throughout the report, whilst admirably attempting to deliver a balance of views received during the consultation phase, fail to offer a similarly balanced assessment – mixing private opinions and conjecture with peer-reviewed scientific content.   For this document to have credibility it is important to note that lack of peer review impacts the credibility and impartiality of the information, and failure to weight such statements appropriately risks delivering a skewed impression to the non-expert reader.   

	16
	42-44
	The document is completely missing all the modelling-based design aspects of SynBio in section C 1 and 2. 

	16
	44
	This is an oversimplification; whilst it is true that some of the tools used in synthetic biology are also used in genetic engineering, synthetic biology represents a much wider spectrum of tools and approaches - this is exemplified, for example, in the Royal Academy of Engineering report, cited P 17 L1.

	17
	8-9
	this statement seems somewhat out of date: By 2017, more than 25,000 authors at 3700 organisations located in 79 countries had contributed to the 8 synthetic biology research (Shapira et al., 2017).

	17
	34-36
	Whilst this statement is true, it represents one of the key foundations of synthetic biology – i.e. to produce DNA chemically, accurately and at low cost. Also, it should be stressed that DNA synthesis is a commercial field that is developing rapidly with new techniques and new companies.

	18
	5-18
	The section as presented here is not correct from a scientific perspective. The term directed evolution is used in the context of evolving the specificity and/or function of individual proteins. It has been on-going since the early 90s and usually uses in vitro techniques like error-prone PCR to introduce mutations to a single gene. In vivo gene directed evolution where a specific gene is targeted for evolution inside the cell is a more recent development, best exemplified by the PACE system. Genome directed evolution is an even more niche activity with the use of techniques like MAGE. While CRISPR has been attempted for use in this regard it is limited in its capability and is not widely used.

	20
	
	Synthetically engineered miRNAs can be deployed as regulators in gene circuits etc. However, this area is now very important because it essentially forms the basis of mRNA vaccines to counter COVID like viruses. It will also become increasingly important in the development of antivirals.

	21
	27
	Artificial intelligence and machine learning. These are key, developing areas of Biofoundries, referred to in page 22. The intensive use of these techniques with automation, in the context of Biofoundries, will vastly increase reliability and reproducibility, e.g. in relation to bio manufacturing.

	21
	37
	The document asserts that AI or machine learning may enable predictions “without a need to understand the detailed biological mechanisms”. While strictly true, it must be pointed out that in other areas of rapid advance in the deployment of ML tools for very large data sets analysis, there is a new trend towards understandable and explanatory AI/Machine learning. This trend has been driven both by a need to get a grip on the reasons why (i.e. the underlying discovered patterns or mechanisms) certain machine learning models make the decisions or predictions they make but also due to concerns around “bias” and other ethical considerations. Given the potentially far reaching applications of synthetic biology, we feel that there should also be more emphasis on explanatory or transparent AI/ML for synthetic biology. This will promote better trust on the science been done but also will help distil new processes and mechanisms that might be at play in the living world which a purely black box approach to AI/ML might hide. 

	21
	38
	The document provides a few examples of the power of AI/ML in structural bioinformatics and protein design/engineering but it seems they are failing to grasp the enormous advance made in this area in the last 3 or 4 years. Protein engineering is perhaps the more immediately fertile area where AI/ML would alter the research and translation landscape. See for example the results of the latest CASP competition. https://predictioncenter.org/casp14/index.cgi

	22
	4-17
	The development and use of automation in synthetic biology, coupled to machine learning and AI are key components of the ability to undertake far more complex bio designs (e.g. in the context of gene circuits). Biofoundries are an important manifestation of the transition from traditional biology to synthetic biology – where engineering design principles are directly applied through the use of software, this coupled to automation. This allows much more complex circuits to be developed, including the ability to incorporate feedback. The creation of the global Biofoundries Alliance is an important development and now comprises around 31 Biofoundries. The ability to undertake bio design in Biofoundries leads directly to the establishment of a global design framework based on data (i.e. the manifestation of digital biology). This, in turn, will lead directly into distributed manufacturing, e.g. the manufacturing of vaccines in different locations around the world. Because the quantities required for mRNA vaccines are significantly less than for traditional vaccines, is feasible to assume that manufacturing facilities could be deployed for such vaccines within universities and research facilities.

	23
	7
	In the document iGEM comes under the section on bio bricks. This is unfortunate, because iGEM deserves a section on its own right. It has been highly influential in developing the field of synthetic biology. One side of the synthetic biology coin is research and development, leading to industrial translation. However, for synthetic biology to become an important industry and driver of the BioEconomy (with the concomitant effects on climate change) requires a specially trained workforce. IGEM has been and is a major inspirational driver for young people to enter the field of synthetic biology. A significant number of the iGEM alumni I are now involved their own successful synthetic biology companies (many cited later in the document). In addition, there doesn’t seem to be a section of the document that refers to more formal courses (e.g. in universities – undergraduates, Masters etc) or business courses specifically designed for the development of companies within the synthetic biology area.

	28
	29
	Whilst it is true that cell-free systems can contribute in several ways to improving the design process in synthetic biology, a key point is that this approach is likely to be important in relation to a range of biologically based manufacturing processes.

	40
	35-36
	Both computer-based cell design and biomaterials should also be considered within section D, which is instead mainly focused on genome editing.

	58
	11
	With respect to the statement: ‘This opens unprecedented challenges for risk assessment, because for the first time we are faced with a technology whose potential ecological and health impacts cannot be adequately assessed without first deploying it (Sirinathsinghji 2019)’.  Note that this is a non-peer reviewed privately published single author opinion article. We completely disagree that this is unique to gene drives: as stated in our general remarks (page 0, line 0), it could equally be applied to antibiotics, where resistance represents a considerable danger to health; it can also be applied to pesticide coated mosquito nets, which have driven the evolutionary spread of pesticide resistance in mosquitoes. It can indeed be applied to natural systems, where ecological impacts are only evident after-the-event, like rabbits in Australia. Recall of some technologies are simpler than others, but the lasting effects of ecological impact are not. 
Case-by-case risk assessment is important, but do not overstate the case of the ‘uniqueness’ of synthetic biology.   Compared to many older chemical and physical technologies, synthetic biology offers the possibility of generating significantly more specific and bespoke solutions to challenging problems. 

	131
	21-23
	The proposed holistic approach that looks beyond the standard synthetic biology issues of biosafety, health and environment is much needed. Synthetic biology, along with other novel technologies will have global impact and with this will bring forth new dilemmas and concerns regarding social, economic and ethical issues, and therefore it merits the inclusion of wider communities and social sciences perspectives. 
We fully agree with the view that the integration of responsibility and consideration of ELSI alongside research and product development is the right way forward.  In the UK, Responsible Research and Innovation was set as one the bulwarks of the UK Synthetic Biology Roadmap https://ktn-uk.org/perspectives/a-strategic-roadmap-for-synthetic-biology-in-the-uk-2012/  and we have built an explicit requirement to have satisfactorily considered how these matters of responsibility will be addressed directly into the mechanisms for research funding, in addition to supporting numerous workshops and outreach activities relating to advancing this agenda.  We have also pioneered the development of Standards and Guidelines for Responsible Innovation, via the bsi:   ‘PAS 440:2020 Responsible Innovation – Guide’ https://pages.bsigroup.com/l/35972/2020-03-17/2cgcnc1  which is being eagerly adopted by businesses (more than 1000 downloads already).    Whilst such approaches are broadly applicable beyond the field of synthetic biology alone, it is evident that the synthetic biology community has consistently demonstrated willingness to develop best-in-field approaches to the holistic evaluation of future innovations.
By comparison, due to the large number of synthetic biology initiatives (academia, private sphere, government, NGOs, etc) the consultations proposed in the document with wider publics do not seem practical or realistic. It is very unclear how they expect to organise and streamline those consultations?, how long would they last? what happens if no consensus is met in regards of new synthetic biology research projects, applications or deployment? It just feels like a poorly defined “wish list” of engagement and consultative activities rather than a strong roadmap that could both harness the impact of synthetic biology and at the same time do so in an equitable, fair, sustainable and responsible way.
Thus, we feel strongly and agree that ‘Social, economic and cultural concerns should be evaluated alongside scientific predictions’, but these should be done within a pragmatic and down to earth approach that recognises and embraces the speed at which the field is moving. 

	
	
	




Please submit your comments to secretariat@cbd.int.
