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Comments on the Technical Series on Synthetic Biology


	Page #
	Line #
	Comment

	0
	0
	Despite the AHTEG on Synthetic Biology did a work applying the criteria of new and emerging issues to synthetic biology, it would be pertinent if this document contains a section explaining what is to be a new and emerging issue for the Convention, the criteria used to determine new and emerging issues and a general analysis applying the criteria to the research areas of synthetic biology (section 2) and the applications and products of synthetic biology (section 3) identified in this study. This is because, the AHTEG on synthetic biology experienced many challenges to apply the criteria of new and emerging issues to synthetic biology, because the concept is too broad, among other things, therefore, as in this document there are explained in more detail research areas, applications and products of synthetic biology, this more narrowed analysis, even if is not exhaustive, could support the still ongoing discussions of whether synthetic biology is or not a new and emerging issue.

	8
	13-14
	Given that the CRISPR-Cas9 technology itself does not directly impacts on agriculture by increasing plant yields, quality, disease, and herbicide resistance, etc. A change in the wording is proposed as follows to be more consistent: “CRISPR-Cas9 technology is having impacts in agriculture, especially by allowing the development of plants with enhanced plant yield, quality, disease resistance and herbicide resistance…”.

	8
	28
	Considering that the expected potential changes of synthetic biology are derived mainly from the application and use of its components, organisms and products, rather than from the technologies used per se, the assessment and concerns of potential impacts are focused on the former and not in the technologies used, a change in the wording is proposed for more coherence as follows: “expected or potential changes that would result from components, organisms and products of synthetic biology”.

	9
	10
	Acting responsible in the light of synthetic biology is subjective, therefore, we suggest eliminating the phrase “while acting responsibly and”.

	10
	47-48
	Please note that our comments on pages 30, 31 and 32 could change the conclusion that “synthetic biology products intended for unmanaged or wild settings remain in an early stage of research”.

	11
	1
	In general, this section clarifies that the potential impacts cannot be known due to the few applications of synthetic biology developed for direct use in the environment, for this reason, it is necessary to give real examples of those that have been released and of what process is about being taken to assess the impact.

	11
	5
	We suggest changing “hypothetical/speculative” to “theoretical”.

	12
	22-23
	The wording of the last sentence is not clear, it seems that part of the sentence is missing, we suggest verifying it.

	19
	4-5
	As in the comment made in page 8 lines 13-14, a change in the wording is proposed as follows: “CRISPR-Cas9 technology is having impacts in agriculture, especially by allowing the development of plants with enhanced plant yield, quality, disease resistance and herbicide resistance…”.

	19
	31
	A small change is proposed for a better wording: “…systems to suppress insects’ populations” or “…systems to suppress populations of insects”.

	28
	9-10
	The reference of Malyshev et al. (2014) is presented exactly as in lines 42-43 of page 27, without adding additional information regarding xenoproteins. It is suggested to eliminate the reference or to add information of this reference regarding xenoproteins and unnatural amino acids.

	29
	21-22
	The phrase “synthetic biological application” should be replaced by “synthetic biology-based applications”.

	29
	31-33
	The criteria considered in each stage described (commercially available, advanced development and research) should be more specific, clearly described and not limited to some examples. It is recommended that the criteria consider the TRL (technology readiness level) scale.

	29
	35-37
	Please note that our comments in pages 30, 31 and 32 could change the information presented in this section.

	29
	38-40
	Please note that our comments in pages 30, 31 and 32 could change the information presented in this section.

	30, 31, and 32
	(Page 30 line 27, page 31 line 27, and page 32 line 5-15)
	Given the habit of mice and rats to live in proximity with humans, as well as that the gene drives approach used in the development of mice that can´t bear female offspring is the same used in the development of self-limiting insects (mosquitoes) for control of vector borne diseases, referred in page 31 line 27 (paragraph d) and in page 32 lines 5 to 15 (paragraph b), it is not clear why gene drives rodents are boarded in the section “3.1. Synthetic biology applications in unmanaged or wild settings”, while gene drives insects (mosquitoes) are boarded in section “3.2. Synthetic biology applications in semi-managed, managed, or urban settings”; both products of synthetic biology are developed by similar approaches and are intended to be released in similar habitats.

By the other hand, it should be considered that even if the control of vector-borne diseases is carried out in habitats in proximity with humans, these habitats are not only urban settings. For example, malaria, dengue, and other vector-borne diseases that currently are aimed to be managed with the release of gene drives mosquitoes occurs mostly in rural areas of developing countries, that are in proximity to wild environments. Additionally, the dispersal ratio of mosquitoes or insects could be similar or greater than rodents. Therefore, it is suggested that, in first place, gene drives rodents and insects are classified into the same category, and in second place, that this category also considers that these developments are released in rural habitats with proximity to wild environments, not only urban settings.

Depending on the way our suggestions are handled, it should be considered also that this would eventually change the conclusion of pages 10 (lines 47-48) and 29 (lines 35-37; 38-40), given that there is mentioned that there are no products of synthetic biology intended to be used in unmanaged or wild settings. However, rural areas, where gene drives mosquitoes and/or rodents could be released, are commonly near wild environments, which are unmanaged settings too. Therefore, probably it could be concluded that in fact, there are synthetic biology applications commercially available or in advanced development for unmanaged or wild settings.

	36
	24-25
	A change in the wording is proposed as follows for more coherence: “Microbial cells were programmed to produce amino acids and proteins for human consumption using large fermenting bioreactors”, given that as it is written it is understood that the large fermenting bioreactors were used for programming the cells, but this is not technically right.

	36
	25-27
	It is suggested to review the phrase “For example, recombinant, animal-free egg white proteins can be made within modified yeast and engineered for specific food properties, glycosylation profiles and flavours” because it is not completely clear. It could be modified as follows “For example, recombinant, animal-free egg white proteins with specific food properties, glycosylation profiles and flavours can be made from engineered yeast”.

	49
	40-42
	We suggest to review the wording of this idea because it is confusing.

	50
	34
	We suggest changing the wording of the sentence as follows: “and members of the public in governing synthetic biology applications that may have an impact on the ecosystems, such as…”

	52
	4-7
	It is not clear why the hypothetical situation in which the natural product is preferred over the synthetic biology one, is considered as a situation that arises potential adverse effects. In the context that was being developed through the text, the production at large scale of synthetic biology products would affect the economy of smallholder producers that relies on the cultivation of the organisms that provide the natural product. Therefore, if the natural product is preferred over the synthetic one because the latest is not conceived as a perfect substitute for the wild-sourced product, smallholder’s economies would be benefited through a higher demand of the natural product. It is suggested to clarify the potential adverse effect that this situation could arise, or to consider rephrasing the idea for more coherence to which was being expressed.

	61
	35
	We suggest changing “approaches” to “mechanisms”.

	76
	8-11
	It is inaccurate to say that “research areas” are not “living”, what could be considered as “living” or not are the products of synthetic biology developed under some research areas. In that sense, protein engineering, metabolic pathway engineering, genome-level engineering, protocell construction, and xenobiology are research areas, techniques or approaches through which it is possible, or not, to develop “living organisms” that fall under this definition of the Cartagena Protocol. For example, as described in section 2.2, through protein engineering it is possible to develop a plant with improved ribulose-1,5-bisphosphate carboxylase-oxygenase (Rubisco) performance, which would be in fact a “living organism” as per the Cartagena Protocol, while under the same research area it is possible to develop synthetic circuits based on proteins, which may not fall under the definition of “living organism”.

Regarding metabolic pathway engineering, as described in section 2.3, all the developments of this area rely on a target organism for which its metabolism is engineered, in that sense, products of this research area are mainly microorganisms or plants, such as the E. coli strains that consume CO2 for energy instead of organic compounds, yeast producing high-value isoprenoids, tropane alkaloids, or cannabinoids, the conversion of Pichia pastoris from a heterotroph into an autotroph, tobacco plants with enhanced photosynthesis, and cassava with enhanced storage root and starch yield, among others, all of which fall into the definition of “living organisms” (a similar analysis is also stated in lines 22-23 of page 84).

In the case of the developments of the research area of genome-level engineering, as described in section 2.4, to be a “living organism” or not would depend on if the genomes produced are introduced into a host organism, such as the case of the synthesis and assembly of the genome of Mycoplasma mycoides and its transplantation into a M. capricolum cell stripped of its genome, or the yeast strains with just one or two chromosomes, instead of the normal sixteen chromosomes, without affecting the total number of genes, the transcriptome or growth, which are in fact “living organisms” (a similar analysis is also stated in lines 22-23 of page 84). By the other hand, the development of a single “chassis” to which modular DNA “parts” can be added would not be considered as a “living organism” (a similar analysis is also stated in lines 4-5 of page 85).

In the research area of protocell construction, it could also be obtained products that may fall into the definition of “living organisms” as well as some that do not. For example, the development of a protocell that contains genetic material and that is capable to replicate it would constitute a “living organism”, but a protocell lacking genetic material may not fall into that definition.

Finally, regarding xenobiology, as described in section 2.6, under this research area we can also find developments that fall into the definition of “living organisms” as well as others that do not, for example, the bacterium developed in 2014 in which one base pair of its original DNA was altered to XNA, that was actually able to stably propagate the expanded genetic code is a “living organism”, but the development of single XNA molecules without introducing it into a host organism or a virus that allows it to be transferred or replicated would not fall into that definition.

	78
	12-13; 15
	The affirmations “the use of such information typically complements rather than supplants the use of a physical genetic resource” and “access to physical genetic resources will still be required” shall be reviewed, because they are not completely true. For instance, the development of some COVID-19 vaccines relied on solely SARS-CoV-2 digital sequences. However, even though the final vaccines contain “physical” mRNA molecules, in practice ABS obligations arise with the "Country providing genetic resources” defined in the Convention as the “country supplying genetic resources collected from in-situ sources, including populations of both wild and domesticated species, or taken from ex-situ sources, which may or may not have originated in that country”, therefore, as the mRNA molecule of the vaccine was de novo synthesised, there is no certainty in which is the providing country. In consequence, even if the vaccine is developed from a digital sequence and in its development the “physical” mRNA molecule needs to be manipulated, there is no clarity whether this manipulation constitutes access to genetic resources subject to ABS obligations or not, and with which Party. It should be the one in which it was isolated the virus from which the digital sequence was obtained, or it should be the country that provides the digital sequence? and if the sequence is in a database of public domain, who owns the rights over that sequence? Those are some of the questions arising the use of digital sequence information and ABS obligations that gives rise to some issues of synthetic biology for the application of the provisions of Article 15 of the Convention and the provisions of the Nagoya Protocol.

	81
	27 - 28
	We suggest changing the term “Mother Nature” to “nature in their ancestral territory” to have a broader concept that applies to a larger group of IPLCs.

	82
	7
	The table does not reflect the constitution and the work of the AHTEG on Synthetic Biology, as well as the work done discussing if synthetic biology is or not a new and emerging issue, this information is important and relevant regarding the whole process of synthetic biology under the Convention.

	85
	26
	The analysis of “modern biotechnology” could be extended considering that some genetic engineering techniques use natural principles of recombination, therefore, it could be debatable if this kind of technologies overcome the natural physiological reproductive or recombination barriers that states the Cartagena Protocol, some examples of this technologies could be mentioned.


	89
	35-37
	This analysis should also consider that some synthetic biology developments that contain “naked” genetic material may not necessarily possess a novel combination of that genetic material, in consequence, developments that contains a nucleic acid molecule without modifications could also fall outside the provisions of the Cartagena Protocol, even if it is developed through synthetic biology techniques and they are not considered as pharmaceuticals.

	90
	1-5
	

	90
	25-26
	We suggest reviewing the wording of the sentence “A Party affected by an illegal transboundary movement of LMOs to request the Party of origin to dispose of the LMOs in question at its own expense”, it is not clear.

	0
	0
	The analysis of the Nagoya Protocol and synthetic biology is short regarding that the issues about access and benefit-sharing (ABS) arising out the utilization of genetic resources for synthetic biology purposes may come in two different ways: one is when genetic resources are directly utilized from “physical” biological material for the development of synthetic biology products, and the other is the utilization of genetic resources from synthetic organisms that were developed from synthetic biology and if they are subject or not to ABS obligations. In that sense, if a novel organism contains genetic fragments of different organisms provided by different countries, the utilization of this novel genetic material would fall under the provisions of the Nagoya Protocol? In that case, the country providing the genetic resource, would be the one in which the novel organism is developed? Or would be the ones that provide the original sequences that now constitute the new organism? A completely novel organism with a genetic arrangement that does not come from other organism(s) and that is not found in nature would be subject of ABS provisions?

	128
	1-2
	This conclusion is broad and pointless, it should be complemented with specific cases identified were components and products resulting from synthetic biology techniques do not fall within the scope of a treaty regime, for instance, DNA or RNA “naked” molecules that may do not constitute “living modified organisms” as per the Cartagena Protocol.

	128
	42
	We suggest changing “can be” to “should be”.

	128
	41-42
	Given the relevance of digital sequence information for synthetic biology, the fact that there are different and opposite views regarding ongoing discussions on whether digital sequences are considered or not "genetic resources" or "genetic material" should be highlighted even more in the text.

	129
	43-44
	It is not clear the point of the statement that: “The predictive models that are needed require a critical level of prior knowledge that typically researchers do not have, e.g., about the biological components and their interactions” it is stating that researchers do not know about biological components and their interactions? If it is, this is not true. Researchers on synthetic biology may have knowledge and expertise in biological components and their interactions, what may be missing is knowledge on computing and engineering technologies. Synthetic biology is often a research area were computing, engineering and biological sciences converge, but knowledge on all those areas is often not held by the same researcher. Synthetic biology commonly requires the work of a multidisciplinary team having different expertise on those areas, and the lack of knowledge would depend on the expertise area of the ones developing research on synthetic biology.

	131
	22
	Acting responsible in the light of synthetic biology is subjective, therefore, we suggest eliminating the phrase “while acting responsibly and”.




Please submit your comments to secretariat@cbd.int.
