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Comments on the Technical Series on Synthetic Biology


	Page #
	Line #
	Comment

	0
	General Comment
	The report must be evidence based and must not go beyond the current evidence. Currently the document provides speculative and unfounded emphasis on the benefits of the technologies, which is not backed by current evidence.  We urge that any potential yet-to-be established benefits are not conflated with demonstrable efficacy. 

Further to this, the report under emphasises the risks. This must be avoided to avoid bias. All phrases which imply benefits while underplaying the levels of uncertainty surrounding these technologies must be rephrased to indicate levels of uncertainty. 

This is further problematised by the fact that there are many viable alternative solutions to the problems that synthetic biology is aiming to address, making it seem as if synthetic biology is the only option, which is again misleading and incorrect, and disregards alternative pathways and future scenarios. 

	0
	General Comment
	There is a general assumption that future scenarios will include the application of synthetic biology, despite the fact that the need for synthetic biology is still to be demonstrated. This is unfounded, and should be rephrased to avoid being misleading. 

	0
	General Comment
	The report fails to explore the multi-disciplinary expertise required to address the risks inherent with synthetic biology.   While there is recognition for the need to have an assessment based on economic, political, moral and ethical concerns, this is to be done on a case-by-case basis. This fails to ensure an assessment framework which is able to incorporate these aspects, and will result in fragmented and limited evaluation. We believe the case-by-case risk assessment is incredibly limiting to fully understand the widespread impacts from this technology. There are global risks that must be highlighted and serve as guidelines for all risk assessment, which include economic, political, moral and ethical concerns. 

	0
	General Comment
	While the issue of Free, Prior and Informed Consent (FPIC) is referred to and acknowledged, the report fails to grasp the controversies and failings around FPIC in current engagement processes. Currently, there are many cases leading to conflict of interests and indeed local conflicts as a result of poorly conducted processes to ensure FPIC. The issue of conflict of interest must be addressed in the report, particularly when FPIC processes are done by the developers of the technologies. FPIC must be done by parties without economic interest, and by the promoters of the technology, and must ensure the participation of a wide range of rights holders including indigenous peoples and local communities, including farming communities. It is also vital that the right to say no is respected, without intimidation, or other coercive methods being used. 

	0
	General Comment
	The use of “science-based” in the context of risk assessment of LMOs is limited to just one specific methodology, and should be clearly defined. This is often misleading as overarching “science-based”, which could encompass a range of empirical methodologies. Limiting assessment to one narrow methodological approach, is not only incredibly biased, but is not inherently scientific. It is important that the scientific methods used for assessments are not restricted to one method, and the dominant method used by the developers of the technologies, but incorporate a range of interdisciplinary methodologies, reflecting the totality of scientific knowledge that should be used when assessing synthetic biology products for general release/commercialisation. 

	8
	13-14
	The benefits listed are speculative yet stated as fact. This must be rephrased accordingly, and taking into account different farming systems they are being applied to.  The statement that CRISPR-Cas technology is already having impacts on agriculture is unfounded and speculative and should be rephrased to explicitly state that impacts on agriculture are yet to be demonstrated and explored.

	8
	25
	This ignores the documented risks inherent in many synthetic biology applications, such as risks of spreading through populations and between species in the case of gene drives, with massive risk to biodiversity. 

	9
	7
	The reference to the need to integrate social sciences and engage with communities is good, but should feature more prominently throughout the document, particularly in terms of implementation, beyond promoters/developers of the technology.  

	12
	18-23
	This section needs to be revised to cater for the role of state actors, and specifically in the substantial and well documented role of state military funding for products of synthetic biology, such as gene drives, amongst others. This section must be revised to accurately reflect the current state of research and development, including from state actors, that is rightly acknowledged in the main body of the text. 

	18
	42
	It is vital that introductory text to technologies is accurate, and not based on unsubstantiated claims of utility or efficacy. Here it says that TALENS have a high degree of precision and control, but there is strong evidence that this is not the case, including accidental integrations of plasmid DNA including anti-biotic genes. 

Norris, A. L., Lee, S. S., Greenlees, K. J., Tadesse, D. A., Miller, M. F., & Lombardi, H. A. (2020). Template plasmid integration in germline genome-edited cattle. Nature Biotechnology, 38(2), 163–164. https://doi.org/10.1038/s41587-019-0394-6

Norris et al., 2020 - https://www.technologyreview.com/2019/08/29/65364/recombinetics-gene-edited-hornless-cattle-major-dna-screwup/


	18
	46-47
	The current suggestion that base editing is being used for almost all studies of market-oriented traits does not align with current evidence and publications on editing technologies. If this is the case this must be substantiated with references. 

	18
	49
	The overwhelming majority of CRISPR use is still at the preliminary research stage without demonstrable ‘advances’ for commercialised products.  It would therefore be more accurate to state that CRISPR-Cas systems have led to ‘preliminary research advances’ rather than “advances”

	19
	4-8
	The examples listed here are not evidence of agricultural advances, but preliminary research without demonstrable advances to agriculture. The Zhu et al., (2020) review referenced for this statement summarises CRISPR studies that are again, overwhelmingly in the preliminary research stages, including investigational crops assessing candidate gene targets, few of which adequately, if at all, have conducted field trials that demonstrate traits such as increased yield. A number of studies referenced by Zhu also display unintended effects that may impede commercialisation, and cannot yet thus be considered marketable or advancing agricultural impacts, such as  Li et al., 2018, whereby the tomato engineered to produce elevated levels of lycopene, which adversely affected fruit maturation (Li et al., 2018). Therefore examples used must be  carefully analysed prior to asserting that concrete advances have been made with genome editing. 

	19
	9-10
	Claims of “precise” control of plants chromosomal recombination are incredibly premature and in contradiction with current evidence on the unintended genetic effects of genome editing including:  E. Zuo et al. Cytosine base editor generates substantial off-target single nucleotide variants in mouse embryos. Science. Published online February 28, 2019. doi:10.1126/science.aav9973. http://science.sciencemag.org/content/early/2019/02/27/science.aav9973 

	19
	19
	As stated above, describing  base editing as ‘precise’ is scientifically premature. Studies have reported unintended effects including off-target activity that challenge assertion of ‘precision’. 

	31
	27
	This statement implies that Oxitec has developed a self-limiting GM mosquito, when this is in fact still at the experimental stage,  with several unpredicted effects reported and no benefits yet demonstrated.

	31
	36
	The Menz (2020) paper states that the claims of those producing the cultivars have yet to be substantiated, yet here the success of the technique is stated as fact. The sentence could be modified to: “Menz et al., (2020) have recently reviewed and estimated that 140 genome-edited cultivars of 36 crops that aim to improve yields, nutrition, and pest resistance, are already under development, though evidence of efficacy remains to be substantiated.”

	32
	14-15
	The statement that Adolfi et al., (2020) have improved CRISPR/Cas in mosquitoes “resulting in” populations resistant to transmitting malaria is incorrect, as the study did not test the resistance to the pathogen.  It remains to be demonstrated if population modification strategies are indeed refractory to malaria parasites or other pathogens. As such, we recommend that this sentence and reference be removed.  . 


	32
	26
	The statement that “progeny die in the absence of the dietary additive” ignores unintended effects of genetic engineering.  Evans et al., (2019) showed introgression of OX513A into wild populations, building on the observation that 3-4 % survive in lab conditions without the presence of the dietary additive (Phuc et al., 2007), but survival could also be higher if the additive is present in the environment (Patil et al., 2012). Such simplifications bias the reader to give the impression that such technologies do not suffer demonstrated inadequacies that warrant careful scrutiny under any assessment or regulatory process. 
We suggest this can be altered to accurately reflect the evidence to date:  “After release into the field, the technology is designed to cause the progeny die in the absence of the dietary additive, however, sterility has been demonstrated to be incomplete in some RIDL systems, warranting precaution regarding potential unintended introgression and persistence in wild populations.
Evans, B.R., Kotsakiozi, P., Costa-da-Silva, A.L. et al. Transgenic Aedes aegypti Mosquitoes Transfer Genes into a Natural Population. Sci Rep 9, 13047 (2019). https://doi.org/10.1038/s41598-019-49660-6

Phuc HK, Andreasen MH, Burton RS, Vass C, Epton MJ, et al. (2007) Late-acting dominant lethal genetic systems and mosquito control. BMC Biology 5: 11. doi:10.1186/1741-7007-5-1. http://www.biomedcentral.com/1741-7007/5/11 

Patil P et al. (2012) Discussion on the proposed hypothetical risks in relation to open field release of a self-limiting transgenic Aedes aegypti mosquito strains to combat dengue. As. Pac. J. Mol. Biol. & Biotech., 18(2), 241–246. 


	34
	17-18
	The statement ““Each example is an important first step towards developing practical applications of this approach in crop protection” as is should be deleted as it creates an impression of bias, as it does not state the potential adverse effects need to be assessed and regulated, at each step. 

	41-44
	Entire 4.1 
	In discussing the positive and negative impacts of gene drives, potential negative impacts on disease epidemiology have not been included, both as a result of efficacy failures/ unintended effects (Beisel and Boëte, 2013; Sirinathsinghji et al., 2019).   It is vital that gene drive technologies are not incorrectly and simplistically framed as having only potential benefits on disease and having potential negative effects are limited to ecological impacts. Potential adverse effects on health, such as disease resurgence in the event of drive resistance development and population re-bound are even acknowledged by gene drive developers (James et al., 2020), and also raised in the WHO guidance materials (2021). Niche-replacement with other disease vectors, the development of increased pathogenicity in response to effector molecules in gene replacement drives, increases in vector competence and capacity are also potential outcomes. Many of the adverse effects cannot be assessed prior to release. 
Wider ecological and social determinants are completely omitted, ranging from issues such as behavioural resistance; and impacts on wider social determinants of disease and existing treatments that may suffer opportunity costs from any narrow technological focus on disease interventions. Of note, China has been recently declared malaria free, based largely on access to free health services, surveillance and political coordination, demonstrating the importance of existing strategies in defeating vector borne disease.  
Sirinathsinghji (2020) Risk Assessment Challenges of Synthetic Gene Drive Organisms.  Third World Network Biosafety Briefing. https://biosafety-info.net/articles/assessment-impacts/risk-assessment/risk-assessment-challenges-of-synthetic-gene-drive-organisms/
Beisel U and Boëte C (2013). The Flying Public Health Tool: Genetically Modified Mosquitoes and Malaria Control. Science as Culture, 22, 38-60. doi: 10.1080/09505431.2013.776364

James, S. L., Marshall, J. M., Christophides, G. K., Okumu, F. O. & Nolan, T. Toward the Definition of Efficacy and Safety Criteria for Advancing Gene Drive-Modified Mosquitoes to Field Testing. Vector-Borne Zoonotic Dis. 20, 237–251 (2020)


	42
	27-28
	This should be rephrased to avoid the incredible bias implicit in its current wording.  At this stage, it is premature to state that gene drives offer “genuine potential” for continental-wide eradication. It is generally accepted that gene drives will not completely eliminate mosquitoes, and some modelling suggests that releases will result in heterogeneous populations of wild-type and gene drive mosquitoes (e.g. North et al., 2020), even with regular releases. More recent data suggests that various ecological and climactic factors may have significant impacts on efficacy and remain understudied (Morris et al., 2021). Other issues, such as drive resistance, may also impede efficacy. Therefore this statement is unscientific and unfounded. 
We suggest the sentence is corrected to reflect the uncertainty of gene drive efficacy as follows: “This approach is designed to increase the feasibility of large-scale control, though potential for continental- scale eradication of unwanted wild populations or species remains questionable, with potential for unintended effects such as drive resistance expected to impede eradication efforts.” 
North, A.R., Burt, A. & Godfray, H.C.J. Modelling the suppression of a malaria vector using a CRISPR-Cas9 gene drive to reduce female fertility. BMC Biol 18, 98 (2020). https://doi.org/10.1186/s12915-020-00834-z

Morris, A.L., Ghani, A. & Ferguson, N. Fine-scale estimation of key life-history parameters of malaria vectors: implications for next-generation vector control technologies. Parasites Vectors 14, 311 (2021). https://doi.org/10.1186/s13071-021-04789-0


	42
	29
	The sentence erroneously conveys a notion that there is consensus regarding island locations being ‘appealing’ sites for release, when there is actually none. As recently acknowledged by the 2017 Synthetic Biology AHTEG:  “Islands are not ecologically fully contained environments and should not be regarded as fulfilling the conditions in the definition of contained use as per Article 3 of the Cartagena Protocol unless it is so demonstrated.”. Island locations are not ecologically confined, and thus island releases also raise concerns regarding spread beyond site releases.


	46
	37
	The paper cited goes beyond noting considerable uncertainty, but also raises the seriousness of the threat in a reasonable worse-case scenario - i.e. that the use of synthetic biology could destabilise whole ecosystems, and potentially the global meteorological systems, with potentially devastating results. This sentence should reflect the paper adequately. 

	50
	33
	This section ignores critiques of engagement processes and the problem of ethics dumping in the Global South (Bassey-Orovwuje et al. 2019).

Bassey-Orovwuje, M., Thomas, J. & Wakeford, T. Exterminator Genes: The Right to Say No to Ethics Dumping. Development 62, 121–127 (2019). https://doi.org/10.1057/s41301-019-00214-3 


	50
	35-43
	As stated in general comments,  a clear distinction should be made between the engagement strategies from developers or proponents of a technology, such as highlighted in this section (e.g. Target Malaria) and genuine processes that aim to obtain the free, prior and informed consent (FPIC) of potentially affected communities, the issues of potential conflict of interests, where consent is given without pressure or manipulation, and where information that is provided is unbiased and explains the risks adequately.

	52-53
	44-5
	The discussion on ethical concerns is incredibly limited, reflecting the “attitudes” rather than the real interests and valuing of nature beyond the limited economic valuing outlined.  The economic paradigm of ecosystems services (Line 49) is just one methodology that people have devised to value biodiversity and is not considered appropriate by a wide range of Indigenous peoples and local communities, and fails to fully understand the impacts on indigenous peoples’ and local communities, including farming communities’ autonomy, knowledge systems, and livelihoods (Goldtooth 2016).

Goldtooth, T (2016).  Judge’s Statement. Paris International Rights of Nature Tribunal.  https://www.therightsofnature.org/paris-financialization-of-nature/

	57
	21
	We strongly support the statement that the acceptability of risk is a social construct (i.e. an issue to be decided through legitimate political processes) and thus must involve a wide range of non-scientific criteria along with scientific parameters as one in the list of needed evaluation criteria, that can be debated as part of processes of participatory democracy. Indigenous and community farmers knowledge systems should be part of the risk assessment criteria, as well as their right to FPIC.

	57
	27-30
	This section could be strengthened to include the following reference (Heinemann et al, 2021) that refers to the increasing scale of human interventions as a result of emerging technologies (e.g. dsRNAs, gene drives, genome editing), which is now substantially increasing the likelihood of large-scale genetic (and other) environmental interventions,  which can be considered as a risk in itself, and a major concern when considering the rapid development of synthetic biology technologies for environmental release.   As highlighted by Heinemann et al. (2021), mutations introduced by genome editing or other genetic technologies are not reliant on the processes of evolution, but instead can be driven by human activity, to ensure such mutations establish and spread in the environment.  

Heinemann, J. A., Paull, D. J., Walker, S., & Kurenbach, B. (2021). Differentiated impacts of human interventions on nature. Elementa: Science of the Anthropocene, 9(1), 00086. https://doi.org/10.1525/elementa.2021.00086


	58
	11-12
	For Risk Assessments of gene drive organisms, an additional challenge is the issue of spread and persistence being their raison d’etre, is the lack of ability to mitigate, recall or reverse a gene drive release, as acknowledged by the latest AHTEG on RA/RM. Any release can thus not currently be controlled, fundamentally challenging the validity of a phased-approach, or reversed in the event of a gene drive release going awry (Then 2020). 
This sentence should thus be strengthened to acknowledge this. Suggested addition: “Combined with the lack of mitigation strategies for recalling or reversing gene drive releases, such issues warrant additional steps in ant risk assessment process that can operationalise the precautionary principle, including the introduction of cut-off criteria early in the process that can be applied when uncertainty is too high to ensure against adverse impacts.” 
Then C. (2020) Limits of Knowledge and Tipping Points in the Risk Assessment of Gene Drive Organisms. In: von Gleich A., Schröder W. (eds) Gene Drives at Tipping Points. Springer, Cham. https://doi.org/10.1007/978-3-030-38934-5_8

Sirinathsinghji (2020)  Risk Assessment Challenges of Synthetic Gene Drive Organisms.  Third World Network Biosafety Briefing. https://biosafety-info.net/articles/assessment-impacts/risk-assessment/risk-assessment-challenges-of-synthetic-gene-drive-organisms/


	58
	28
	We would disagree that the lack of validated modelling tools is the main issue here, and rather it is the fact that modelling itself cannot be validated without empirical testing which requires the release into the environment.  With fundamental knowledge gaps on background information for modelling parameters, it is currently entirely inadequate to rely on modelling for technologies designed to be released into wild propagating species, as acknowledged by the last AHTEG on RA/RM. (Sirinathsinghji, 2020)

This has led to widespread calls for a moratorium on gene drive field releases has been demanded by many civil society organisations (ETC Group 2018, Bassey-Orovwuje et al. 2019).

Bassey-Orovwuje, M., Thomas, J. & Wakeford, T. Exterminator Genes: The Right to Say No to Ethics Dumping. Development 62, 121–127 (2019). https://doi.org/10.1057/s41301-019-00214-3

ETC Group 2018 United Nations Hits the Brakes on Gene Drives.   https://www.etcgroup.org/content/united-nations-hits-brakes-gene-drives 

Sirinathsinghji (2020) Risk Assessment Challenges of Synthetic Gene Drive Organisms.  Third World Network Biosafety Briefing. https://biosafety-info.net/articles/assessment-impacts/risk-assessment/risk-assessment-challenges-of-synthetic-gene-drive-organisms/

	58
	34
	We strongly support this acknowledgement that risk assessments based on lab experiments and modelling cannot be relied upon (same references as p.58, line 28).

	58
	33-35
	The point on whether risk assessment could be sufficiently reliable with regard to biosafety risks of gene drives is critical and could be strengthened with further detail, including the biological novelty of gene drive organisms carrying genetic engineering machinery to perform genetic engineering in each generation, in wild propagating populations. As a consequence, next-generation effects are of high concern, as noted by the last AHTEG on RA/RM. 

Therefore this could be rephrased accordingly: Due to the complexity of organisms containing engineered gene drives and its interaction with the environment and the biological novelty of including genetic engineering machinery into drive organisms (Simon et al., 2018), questions have been raised concerning whether risk assessment could result in sufficiently reliable conclusions due to the potential for next generation effects in wild, propagating populations (Dolezol et al., 2020). Inclusion of cut-off criteria into the risk assessment process has been proposed to be used when uncertainty is too high to ensure it is sufficiently reliable, as a means to operationalise the precautionary principle. 

A key reference here is:  Then C. (2020) Limits of Knowledge and Tipping Points in the Risk Assessment of Gene Drive Organisms. In: von Gleich A., Schröder W. (eds) Gene Drives at Tipping Points. Springer, Cham. https://doi.org/10.1007/978-3-030-38934-5_8


Simon S, Otto M and Engelhard M (2018). Synthetic Gene Drive: Between Continuity and Novelty. EMBO Reports, 19(5). https://doi.org/10.15252/embr.201845760

Sirinathsinghji (2020)  Risk Assessment Challenges of Synthetic Gene Drive Organisms.  Third World Network Biosafety Briefing. https://biosafety-info.net/articles/assessment-impacts/risk-assessment/risk-assessment-challenges-of-synthetic-gene-drive-organisms/


	59
	3-5
	The statement that unintended changes are not unique to genome editing and expected to be significantly lower than rates of spontaneous mutations or chemical mutagenesis,  omits accumulating and overwhelming evidence of a wide array of unintended effects including on-target translocations, rearrangements, large-scale deletions and insertions, including insertion of exogenous DNA (and RNA-derived DNA templates) into edited cells, and the high-frequency production of aberrant proteins (e.g. Bruner et.al., (2019; Kosicki et al., (2018); Tulhadar et al.,(2019)).

Moreover, evidence is accumulating that contradicts the assumption that nuclease-induced DNA breaks are repaired equivalently to naturally arising mutations, with evidence of increased levels of erroneous repair (Brinkman et al., 2018), and deployment of error-prone alternative DNA pathways not prescribed as resulting in SDN-1, 2 or 3 outcomes as widely assumed including alternative end joining and or combined with RNA-mediated DNA repair (Liu et al., 2021; van Overbeek et al; Ono et al., 2015). Unintended genomic changes are not routinely assessed, and are often missed unless more thorough analyses are performed. 

This sentence should thus be removed, or altered to reflect the accumulating evidence that goes against the assertion that imprecision of genome editing is lower than natural mutations or classical mutagenesis, and instead reflects potential risks to biodiversity, and human health as a result of unintended changes at the level of the genome.

Brinkman, E. K., Chen, T., de Haas, M., Holland, H. A., Akhtar, W., & van Steensel, B. (2018). Kinetics and Fidelity of the Repair of Cas9-Induced Double-Strand DNA Breaks. Molecular Cell, 70(5), 801-813.e6. https://doi.org/10.1016/j.molcel.2018.04.016

Bruner E, Yagi R, Debrunner M, Beck-Schneider D, Burger A, Escher E, Mosimann C, Hausmann G and Basler K (2019). CRISPR-induced double-strand breaks trigger recombination between homologous chromosome arms. Life Sci Alliance 2(3), pii: e201800267

Kosicki M, Tomberg K and Bradley A (2018). Repair of double-strand breaks induced by CRISPR-Cas9 leads to large deletions and complex rearrangements. Nat Biotechnol 36, 765-771

Leibowitz ML, Papathanasiou S, Doerfler PA, Blaine LJ, Sun L, Yao Y, Zhang CZ, Weiss MJ, Pellman D (2021). Chromothripsis as an on-target consequence of CRISPR-Cas9 genome editing. Nature Genetics. 53(6):895-905. doi: 10.1038/s41588-021-00838-7. 

Liu, M., Zhang, W., Xin, C., Yin, J., Shang, Y., Ai, C., Li, J., Meng, F., & Hu, J. (2021). Global detection of DNA repair outcomes induced by CRISPR-Cas9 [Preprint]. Genomics. https://doi.org/10.1101/2021.02.15.431335

Ono, R., Ishii, M., Fujihara, Y., Kitazawa, M., Usami, T., Kaneko-Ishino, T., Kanno, J., Ikawa, M., & Ishino, F. (2015). Double strand break repair by capture of retrotransposon sequences and reverse-transcribed spliced mRNA sequences in mouse zygotes. Scientific Reports, 5, 12281. https://doi.org/10.1038/srep12281

Tuladhar R, Yeu Y, Tyler Piazza J, Tan Z, Clemenceau JR, Wu X, Barrett Q, Herbert J, Mathews DH, Kim J, Hwang TH and Lum L (2019). CRISPR-Cas9-based mutagenesis frequently provokes on-target mRNA misregulation. Nat Commun 10, 4056, doi: 10.1038/ s41467-019-12028-5

van Overbeek, M., Capurso, D., Carter, M. M., Thompson, M. S., Frias, E., Russ, C., Reece-Hoyes, J. S., Nye, C., Gradia, S., Vidal, B., Zheng, J., Hoffman, G. R., Fuller, C. K., & May, A. P. (2016). DNA Repair Profiling Reveals Nonrandom Outcomes at Cas9-Mediated Breaks. Molecular Cell, 63(4), 633–646.

ENSSER (2021)  “Scientific critique of Leopoldina and EASAC statements on genome edited plants in the EU”: https://ensser.org/wp-content/uploads/2021/04/Greens-EFA-GMO-Study-1.pdf

	59
	15
	We strongly reject the suggestion that a “Risk assessment light” could be used for the regulation of genome editing due to many uncertainties in the edited crop constructions, as well as the high likelihood that, like in the case of GMOs, it could cause harm to the environment, crop relatives and the health of peasant farmers and ultimately consumers.

	59
	30-32
	With regard to the presence of exogenous DNA not being present in SDN-1 or -2 applications, this assumption has now been proven to be incorrect. Multiple studies have detected the insertion of exogenous DNA.

As such, we suggest additional sentences to incorporate these findings: “However, exogenous DNA has been detected in genome edited organisms, and would require detailed assessments to ensure that they are indeed free of unintended exogenous genetic insertions (Biswas et al., 2020; Liu et al., 2021; Norris et al., 2020; Ono et al., 2019; Roberts et al., 2017; Q. Zhang et al., 2018)”.

Biswas, S., Tian, J., Li, R., Chen, X., Luo, Z., Chen, M., Zhao, X., Zhang, D., Persson, S., Yuan, Z., & Shi, J. (2020). Investigation of CRISPR/Cas9-induced SD1 rice mutants highlights the importance of molecular characterization in plant molecular breeding. Journal of Genetics and Genomics, S1673852720300916. 

Liu, M., Zhang, W., Xin, C., Yin, J., Shang, Y., Ai, C., Li, J., Meng, F., & Hu, J. (2021). Global detection of DNA repair outcomes induced by CRISPR-Cas9 [Preprint]. Genomics. https://doi.org/10.1101/2021.02.15.431335

Norris, A. L., Lee, S. S., Greenlees, K. J., Tadesse, D. A., Miller, M. F., & Lombardi, H. A. (2020). Template plasmid integration in germline genome-edited cattle. Nature Biotechnology, 38(2), 163–164. https://doi.org/10.1038/s41587-019-0394-6

Ono, R., Yasuhiko, Y., Aisaki, K., Kitajima, S., Kanno, J., & Hirabayashi, Y. (2019). Exosome-mediated horizontal gene transfer occurs in double-strand break repair during genome editing. Communications Biology, 2(1), 57. https://doi.org/10.1038/s42003-019-0300-2

Roberts, B., Haupt, A., Tucker, A., Grancharova, T., Arakaki, J., Fuqua, M. A., Nelson, A., Hookway, C., Ludmann, S. A., Mueller, I. A., Yang, R., Horwitz, R., Rafelski, S. M., & Gunawardane, R. N. (2017). Systematic gene tagging using CRISPR/Cas9 in human stem cells to illuminate cell organization. Molecular Biology of the Cell, 28(21), 2854–2874. https://doi.org/10.1091/mbc.E17-03-0209

Zhang, Q., Xing, H.-L., Wang, Z.-P., Zhang, H.-Y., Yang, F., Wang, X.-C., & Chen, Q.-J. (2018). Potential high-frequency off-target mutagenesis induced by CRISPR/Cas9 in Arabidopsis and its prevention. Plant Molecular Biology, 96(4–5), 445–456. https://doi.org/10.1007/s11103-018-0709-x



	59
	46-47
	We strongly disagree with the assertion that in cases of SDN-1, SDN-2 and ODM, the changes would be expected to be equivalent to classical breeding for genome edited animals. To illustrate this, unintended effects of genome editing are not contested in the medical field. Risks of unintended effects such as the development of cancers and other forms of genetic damage that could be passed to future generations are directly relevant to animal breeding.  It is not a lack of scientific data that gives rise biosafety concerns, but rather that there could be unintended effects that give rise to biosafety concerns.
Various animal studies, including mouse embryos, are also detecting unintended effects and should be added as references. 

National Academy of Medicine (U.S.), National Academy of Sciences (U.S.), & Royal Society (Great Britain) (Eds.). (2020).Heritable human genome editing. (the National Academies Press, 2020).

Ledford, H. CRISPR gene editing in human embryos wreaks chromosomal mayhem. Nature 583, 17–18 (2020).

Burgio, G. & Teboul, L. Anticipating and Identifying Collateral Damage in Genome Editing. Trends Genet. TIG 36, 905–914 (2020).



	60
	15-17
	Additional considerations include exposure to dietary RNAs from RNAi-based plants. Circulating diet-derived dsRNAs have been detected in mammals, raising biosafety concerns regarding exposure to dsRNAs expressed in plants, or external RNAi sprays, and also should be fully assessed, and not assumed to degrade during digestion. 

Wang, K., Li, H., Yuan, Y., Etheridge, A., Zhou, Y., Huang, D., Wilmes, P., & Galas, D. (2012). The complex exogenous RNA spectra in human plasma: an interface with human gut biota? PLOS ONE 7(12), e51009. https://doi.org/10.1371/journal.pone.0051009

Tomé-Carneiro, J., Fernández-Alonso, N., Tomás-Zapico, C., Visioli, F., Iglesias-Gutierrez, E., & Dávalos, A. (2018). Breast milk microRNAs harsh journey towards potential effects in infant development and maturation. Lipid encapsulation can help. Pharmacological Research, 132, 21–32.


	60
	32
	We agree that additional research is necessary to assess the risk of these technologies before they are considered to be released into the environment.

	61
	24
	We agree that it is important to include here the reference to needing to understand any epigenetic effects of RNAi technologies. However, it is also key that there is additional acknowledgement that epigenetic changes may be hereditary (see e.g. Heinemann, 2019).  This point should be incorporated as it has important biosafety implications if effects can be multi-generational, as well as definitional implications for whether dsRNA exposed organisms are indeed an LMO.  

Heinemann J. A. (2019). Should dsRNA treatments applied in outdoor environments be regulated? Environment International, 132, 104856. https://doi.org/10.1016/j.envint.2019.05.050


	61
	32
	Examples of “built-in safety features” are lacking.

	64
	41-44
	Information disclosure is important to a framework for identification and detection of genome edited products. The Ribartis et al. (2021) paper referred to proposes an anticipatory framework in the current situation of absence of uniform regulation of genome edited crops worldwide, involving voluntary information disclosure, making the case that detection and identification of such products is possible. If these products are regulated, then governments can of course more easily require this information of developers. 

The sentence should be clarified to reflect these elements.

	68
	6
	dsRNAs are explicitly designed to modify genetic activity of exposed organisms, with some effects potentially hereditary, and thus can be considered a genetic modification technique. Industry patents have been filed that claim heritability, as well as proprietary rights over exposed organisms and their offspring. Any proposals to regulate solely the dsRNA product and not the exposed organisms and therefore fails to acknowledge the biosafety and socioeconomic implications of this new form of genetic modification.  

The document states that products based on RNA-based technologies could be considered “non-transgenic” (and thus could avoid total or partial biosafety evaluation), when the paper has already acknowledged risks of epigenetic change from the RNA that has been introduced (see note on p.61 Line 24). This needs correcting as, otherwise, the Singh et al. (2019) paper cited risks misleading the reader.

	71
	24
	We suggest the addition of this sentence at the end of the paragraph: In fact, given that gene drive applications have the potential to cause serious harm to the environment, which is a public good, it would not be appropriate to place regulation and decision-making about the technology solely in the hands of private actors. 

Lim, L.C., & Lim, L. L. (2019). Gene Drives: Legal and Regulatory Issues. Third World Network. https://www.twn.my/title2/books/Gene-drives.htm

	89
	1-10
	The lack of international contained use regulations or standards is a major gap, and requires additional discussion, particularly due to the potential for unintentional releases of synthetic biology organisms, in particular organisms containing engineered gene drives, that might result in transboundary movement or the crossing of national borders, requiring an international response.

Additionally, the necessary oversight of laboratory research is presently piecemeal. Complementary national level action, such as requiring the licensing of experiments with organisms containing engineered gene drives in contained use, would allow for appropriate oversight by the government agencies concerned.

Lim, L.C., & Lim, L. L. (2019). Gene Drives: Legal and Regulatory Issues. Third World Network. https://www.twn.my/title2/books/Gene-drives.htm


	130
	24
	IPLCs require resources to be able to conduct their own risk assessment, as well as for collective discussions, and decision making as part of genuine FPIC (wrongly abbreviated to FFIC on line 23)  There should be an obligation to provide these resources.

	134
	20
	Insert the sentence: “FPIC should follow principles that are proposed by IPLCs themselves, which will differ depending on their cultural, geographical and political contexts”.
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