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I. Introduction

1. The multidisciplinary Ad Hoc Technical Expert Group on Synthetic Biology
(“multidisciplinary Expert Group”) at their meeting in July 2023 agreed on a process for the first
cycle of broad and regular horizon scanning, monitoring and assessment of the most recent
technological developments in synthetic biology. The process for the 2023-2024 intersessional
period consisted of both multidisciplinary expert-driven submissions by members of the
multidisciplinary Expert Group and a literature review conducted by the Secretariat.

2. In line with the request from the multidisciplinary Expert Group, the Secretariat produced a
revised list of issues and trends of synthetic biology (“the provisional selection list”) based on the
2019 report of the Ad Hoc Technical Expert Group on Synthetic Biology
(CBD/SYNBIO/AHTEG/2019/1/3), the Open-ended Online Forum on Synthetic Biology convened
from 20 to 31 March 2023, the submissions of information in response to notification No. 2023-006
and the publication “Technical Series No. 100: Synthetic Biology”.

3. Following the compilation of the provisional selection list, the members of the
multidisciplinary Expert Group were invited to select up to five items from the list or submit new
items for consideration that in their expert opinion would be the most prominent issues to consider
for the first cycle of broad and regular horizon scanning, monitoring and assessment using an
electronic submission form. In performing their selection, the experts were requested to provide
information on the potential impacts on the three objectives of the Convention on Biological
Diversity, additional relevant considerations (e.g., socioeconomic, cultural or ethical), the estimated
timeframe for release or impact of the selected item and relevant documentation to support their
selection. Submissions were received from 31 August until 18 September 2023.

4. At their virtual meeting from 10 to 13 October 2023, the members of the multidisciplinary
Expert Group prioritized a list of 17 trends and issues in synthetic biology for assessment at the next
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physical meeting of the multidisciplinary Expert Group. Five of these items were selected for a
detailed assessment (section Il) and the other twelve were recommended for a less detailed
assessment (section 111).

5. To further support their assessment, an additional submissions of information process occurred
to support the 12 items for a less detailed assessment and an additional round of online discussions
of the Open-ended Online Forum on Synthetic Biology were held from 6 to 22 November 2023 to
gather supplementary information for the 5 items for a detailed assessment.

6. This present document represents a compilation of the multidisciplinary expert-driven
submission process, including the submissions of information and a summary of the Open-ended
Online Forum on Synthetic Biology. Each of the 17 items on the prioritized list are detailed below,
with the 5 items for a detailed assessment contained in section Il and the 12 items for a less detailed
assessment are contained in section Il1. All bibliographic references shared during the process can
be found in the annex.

Trends and issues identified for detailed assessment
Self-spreading vaccines for wildlife

7. Self-spreading vaccines for wildlife are designed to either limit the spread of wildlife diseases
or to viral vector-mediated immunocontraception to reduce target animal population sizes. These
approaches generally involve engineered live viruses or viral vectors designed to spread through a
wildlife population to confer resistance to a particular pathogen. In some cases, non-replicating viral
vectors are engineered to re-confer vector replication and spread between hosts. These applications
can be considered to be “living modified organisms” (LMOs) according to the Cartagena Protocol on
Biosafety.

8. Some specific examples include:

o Maodified cytomegalovirus from Natal multimammate mice (Mastomys natalensis) to confer
immunity to Lassa fever in rodents;

e Modified Desmodus rotundus betaherpesvirus targeting Rabies virus in vampire bat
populations to prevent the transmission of Rabies to humans in Central and South America;

e Raccoon pox virus vector targeting Pseudogymnoascus destructans pathogens in bat
populations;

e Transmissible vaccines to control Lassa fever in apes; and
Self-spreading vaccines to control Ebola virus in monkeys and bats.

Timeframe

9. Regarding developments within self-spreading vaccines for wildlife, research and
development is currently focused on application to limit wildlife disease or zoonotic spill-over, rather
than immunocontraception for population control due to efficacy and delivery challenges identified
in early research.

10. The timeframe for release of self-spreading vaccines could be less than five years, noting that
one trial in the United States occurred in 2019 for the modified raccoon pox virus vector targeting
Pseudogymnoascus destructans. There is research in the United States of America and the United
Kingdom of Great Britain and Northern Ireland aiming at developing living modified viruses for
deployment in South America and West Africa, targeting rabies in bats and Lassa fever in rodents.
Further, it was suggested that the technology exists to allow for the accelerated development of
vaccines, as demonstrated by the COVID-19 public health crisis.

Potential impacts on the objectives of the Convention of Biological Diversity

11.  Self-spreading vaccines for wildlife could have both potential positive and potential negative
impacts on the three objectives of the Convention on Biological Diversity.
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12.  Regarding the potential positive impacts on the objectives of the Convention, some could
include:

e Immunization of wildlife against pathogen to control disease spread, improving resilience of
threatened or naive populations and/or ecosystems;

o Improved wildlife vaccination in difficult to access areas; and
¢ Management of pest species and control of invasive alien species.

13. Regarding the potential negative impacts on the objectives of the Convention, some could
include:

e Wide host specificity for some viruses may lead to spill-over into non-target hosts (e.g.,
poxviruses);

¢ Viral vector evolution (e.g., changes to virulence and infectivity)
o Population reductions of animals in areas of origin in the case of sterilization applications;
o Pathogen response to vaccine (e.g., expanded tissue or host range);

o Lack of stability of modified viruses (e.qg., viral evolution, recombination, reversion to parental
vector);

o Genotoxic effects (e.g., from horizontal gene transfer or recombination events);

o Immunomodulatory and oncogenic effects;

o Rapid spread depending on viral vector;

o Irretrievability of released; and

o Unpredictable effects on physiological and ecosystem dynamics (e.g., unexpected virulence).

Potential gaps to risk assessment, risk management and regulation and availability of tools for
detection, identification and monitoring

14. Due to the characteristics of self-spreading vaccines, there could be further considerations that
may need to be taken into account for risk assessment, risk management and regulation of these
applications. Some potential factors could include:

e Uncertainty in viral evolution (e.g., mutations, vector integrity) and response of modified virus
in varying environmental conditions;

o Capacity for superinfection for some viral species;
o Lack of predictability of immune efficacy and side effects during transmission;

e Large or unlimited spatio-temporal distributions (e.g., latency, persistence in environment,
spread in unmanaged areas);

¢ Increased potential for transboundary movements;

o Stepwise testing may not be feasible due unintended spread:;

o Lack of risk management options (e.g., irreversibility of release, persistence);
o Limited capacity of developing nations to mange unintended outcomes;

e Long-term and robust monitoring and surveillance systems (e.g., for tracking mutations and
unintended impacts of release, viral dynamics in asymptomatic populations, feasibility of
such systems);
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o Difficulties detecting accidental releases (e.g., in the of spread and persistence of certain
vectors in animals);

Management of safety standards considering they may come into contact with multiple species
and potentially humans;

Need for on-going and flexible risk assessment approaches and regulatory systems to take into
account new developments post-release (e.g., changing environmental conditions, new
environments, mutations and both intended and unintended responses by the target
organisms);

Limited available guidance materials (e.g., most vaccine guidance is focused on clinical
applications for human populations); and

Need to strengthen regulation in all jurisdictions.

15. In comparison to some of the other technologies and applications being discussed under the
auspices of the Convention on Biological Diversity, regulation for such vaccines might be less
developed and frameworks for assessing the sustainability of these specific applications are non-
existent. Likely, strong cooperation and collaboration between countries and institutions would be
required for releases, as well as special consideration of the precautionary principle. However,
research programmes were being managed responsibly by the scientists involved.

Limits of knowledge

16.  Further areas, particularly related to viral biology, may necessitate further exploration based
on the available research and data to date. Thus, some potential gaps in knowledge could include:

¢ Viral evolution and co-evolution with host post-release (e.g., mutations, reversion to parental
vector);

e Pathogen response to the intervention (e.g., pathogen evolution);
¢ Interaction of modified virus with non-target populations (e.g., other species and humans);

e Spatiotemporal scaling of applications (e.g., protection over time, spread dynamics through a
target population with respect to previous immunity, superinfection, age, nutritional status,
among others);

o Immune system functioning in both target and non-target organisms (e.g., intended immune
response, partial or full immunity, chronic exposure);

e Development of adaptive immunity;

o Selective pressure (e.g., selection for mutants with higher dissemination potential or increased
virulence);

o Next-generation effects;
o Capacity for superinfection and co-infection dynamics;
o Lack of baseline ecosystem and biological data; and
o Difficulties constructing accurate models.
Additional relevant considerations

17.  Further to the potential impacts on the three objectives of the Convention, self-spreading
vaccines for wildlife could raise additional relevant considerations. Some of these considerations
could potentially include:

e Human health (e.g., prevention of zoonotic disease spill-over into human populations and
pandemics);
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o Alleviate economic costs of affected populations and societies;

o Consideration of the social, political and commercial determinants of health;
o Comparison to alternative interventions;

o Potential biosecurity risks, including misuse and accidental release;

e Access to technology (e.g., intellectual property rights impeding equitable access to the
benefits);

o Sustainability of the intervention (e.g., not addressing root cause of disease such as human
encroachment on wildlife areas and climate change, high costs, efficacy of application over
time);

o Need to consider liability and redress prior to release;

e Free, prior and informed consent of potentially affected indigenous peoples and local
communities;

e Ethics (e.g., human intervention in nature, existing human influence on ecosystems, worldview
of indigenous peoples and local communities);

o Co-implementation with traditional conservation methods (e.g., over reliance on technological
solutions);

e Potential for issue to be conflated with human vaccine hesitation and opposition (e.g.,
misinformation);

o Stakeholder and public engagement in decision-making (e.g., full and effective participation);
o Public awareness and acceptance (e.g., changes in risk aversion);

o Transparency and access to information (e.g., timely publication of regulatory documents and
scientific publications); and

o Differences in the locations of development and deployment of these applications.
Potential lessons from other domains

18. Regarding potential lessons that could be applied to the consideration of self-spreading
vaccines, the sources of applicable information could come from historical biological control
interventions. However, experience with other living modified vaccines for veterinary use, other
applications designed to spread (e.g., LMOs containing engineered gene drives) and invasive species
could also be important and inform assessment of self-spreading vaccines. Further, recent
immunological studies could provide insights in to host immune responses.

Development of engineered gene drives to control vector-borne diseases and invasive species

19. Engineered gene drives are molecular mechanisms that are transmitted to progeny at super-
Mendelian (>50%) frequencies. There are various types of engineered gene drives, but many utilize
CRISPR-Cas. Other mechanisms can include toxin-antidote systems and endonucleases, among
others. Depending on the system implemented, engineered gene drives can be designed to have an
intended wide or localized spread. In certain cases, engineered gene drive mechanisms can be
considered to be self-limiting in nature as well.

20.  Applications of engineered gene drives can be designed to suppress vectors of human and
animal disease, as well as to control invasive species. These are designed as alternative vector-control
measures to conventional insecticide or rodenticide applications. Specific applications include:

¢ Living modified Anopheles gambiae containing an engineered gene drive designed to target
doublesex to reduce malaria transmission;

5/71



CBD/SYNBIO/AHTEG/2024/1/INF/1

6/71

Living modified An. gambiae containing an endonuclease targeting the X-chromosome;

Living modified Aedes aegyptii to reduce malaria transmission;

Living modified Culex sp. mosquitoes to control West Nile virus transmission;

Living modified Drosophila suzukii for use in fruit orchards; and

Engineered gene drive rodents to control invasions on islands.

21.  Further, LMOs containing engineered gene drives could potentially impact Targets 6 (Reduce
the introduction of invasive alien species by 50% and minimize their impact), 7 (Reduce pollution to
levels that are not harmful to biodiversity) and 20 (Strengthen capacity-building, technology transfer
and scientific and technical cooperation for biodiversity) of the Kunming-Montreal Global Diversity
Framework. Furthermore, LMOs containing engineered gene drives may also impact the United
Nations Sustainable Development Goals 1 (No Poverty), 3 (Good Health and Well-being), 5 (Gender
Equality) and 10 (Reduced Inequality).

Timeframe

22.  Field trials for engineered gene drives are likely to be within 5 to 10 years. Releases for vector
control could potentially be within 3 to 5 years, while releases for controlling invasive species could
be between 5 to 10 years. Species such as rodents, which are less tractable to genetic engineering,
could be even longer. The Target Malaria consortium may be nearest to a field testing phase with a
living modified Anopheles gambiae containing a CRISPR-based engineered gene drive. However,
the timeframe could also be longer when considering appropriate risk assessment methodologies,
regulations and mechanisms for consent have not yet been full developed or implemented.

23.  Far future applications may also include applications to control weed species in agricultural
settings, as well as other types of organisms, such as fish, snails, arachnids, fungi and other mammals.
Patent filings indicate an increase in applications for controlling agricultural pests.

Potential impacts on the objectives of the Convention of Biological Diversity

24. Living modified organisms containing engineered gene drives could have both potential
positive and potential negative impacts on the three objectives of the Convention on Biological
Diversity. Their impact will likely vary depending on the type of engineered gene drive utilized and
anticipated phenotype (e.g., high vs. low threshold, suppression vs. replacement). However, some
potential impacts are listed below.

25.  Potential positive impacts could include:

o Controlling invasive species to reduce damage to native biodiversity and restore ecosystem
functioning (e.g., invasive rodents, overcoming pesticide resistance);

e Reduced disease transmission (e.g., avian malaria in Hawaiian songbirds, prevention of
extinctions of susceptible populations);

o Reduced use of chemical pesticides (e.g., reduced adverse impacts of pesticides or poison
baits);

o Redcauced human interference and footprint on fragile ecosystems (e.g., physical damage
caused by humans on islands); and

o Sharing of benefits over large areas.
26. Potential negative impacts could include:

o Disruption of ecosystems due to removal or suppression of a species from the environment
(e.g., induced ecosystem instability, disruption of foodwebs);
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Elimination of an endogenous species if an LMO containing an engineered gene drive spreads
to native range of the host organism;

Elimination or suppression of non-target organisms due to gene flow or hybridization (e.g.,
Anopheles sp. complex);

Invasion into unintended environments;

Unintended persistence in the environment due to designed ability to spread,;

Off-target impacts within host organism;

Reduction in genetic diversity (e.g., reduced fitness, potential increased disease susceptibility,
decreased ability of target organism to adapt to environment); and

Niche replacement (e.g., biological invasion of an alternative disease vector, secondary pest
or invasive species).

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

27. Due to the nature of LMOs containing engineered gene drives, several points of consideration
may need to be taken into account when considering their risk assessment, risk management and
regulation. These could potentially include:

o Spatio-temporal distribution of release (e.g., spread over large distances, long timescales for
monitoring and management);

o Treatment of the precautionary principle;

o Lack of appropriate comparators;

e Lack of environmental baseline data;

o Reliability of current models (e.qg., inability to accurately simulate whole ecosystem);

e Treatment of uncertainty and emergence of unintended consequences due to ecosystem
complexity;

o Stepwise approach to field testing (e.g., complications due to dissemination potential);
e Environmental containment (e.g., islands may not be considered as contained);

o Lack of available risk management measures (e.g., potential irreversibility of release);
o Need for monitoring (e.g., intended and unintended effects);

o Transboundary movements and the need for international cooperation (e.g., dedicated legal
instrument for regional cooperation, accidental human-mediated spread due to
globalization);

o Effectiveness of current risk assessment methodologies; and

Lack of comprehensive global governance (e.g., early detection and rapid response
mechanisms, lists of species of local concern based on a coordinated risk assessment
framework).

Limits of knowledge

28.  Due to their new development and differing characteristics to commercially available LMOs,
such as crops, LMOs containing engineered gene drives could be considered to have higher levels of
uncertainty, which may also effect considerations on risk assessment (in subsection 3 above).
Potential points of consideration could include:
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Complexity of ecological systems, particular for wild or unmanaged environments (e.g., biotic
interactions);

Population dynamics (e.g., mating behaviour, reproduction rate, genotypic replacement,
rebound dynamics);

Long term stability and evolution of the molecular system (e.g., mutation rate, efficacy of
system, resistance);

Host-pathogen response (e.g., changes in vector competence, evolution of pathogen);
Incomplete understanding of molecular regulatory mechanisms;
Environment-by-genome interactions on cells, tissues, organisms and populations;

Incomplete understanding of polygenic resistance mechanisms in weed-targeting engineered
gene drive applications;

Next-generation effects;
Unforeseen impacts;
Potential extrapolation error of experimental data (e.g., lack of empirical data); and

Effective monitoring strategies.

Additional relevant considerations

29.

In addition to potential impacts on the objectives of the Convention on Biological Diversity

and considerations for risk assessment, management and regulation, there could be potential
additional relevant considerations, such as:

Improved human sustainable development and quality of life through a reduction in disease
and economic burden (e.g., improved health, reduced childhood mortality, improved
economic security, reduced exposure to chemical pesticides, long term lower cost of
intervention);

Introduction of new pathogens or diseases due to niche-filling;
Improved food security (e.g., reduced damage from pests, improved livestock health);

Social, political and commercial determinants of disease (e.g., public health infrastructure,
housing, sanitation, education, sustained public health funding);

Alternative interventions (e.g., in relation to efficacy of the intervention, poverty alleviation,
improved sanitation, pesticides, bed nets, traps, Wolbachia-infected mosquitoes, vaccines,
transmissible pathogens);

Cost of inaction;

Changes to local economies due to reduced presence of an invasive pest or disease vector (e.g.,
reduced economic losses, improved tourism);

Concentration of the market to few biotechnological organizations;
Creation of technology dependence (e.g., ‘technological lock-in’)

Need for multiple product releases (e.g., controlling multiple vectors or species, combat
resistance formation);

Fairness and disparity between potential positive and potential negative impacts across
communities;

Consent (e.g., large spatial distribution may not allow for individuals to opt out);
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Intellectual property considerations (e.g., access to technology, ownership);

Indigenous peoples and local communities (e.g., free, prior and informed consent, loss of
traditional knowledge, spiritual beliefs);

Negative changes to traditional methods and communities managing biological resources (e.g.,
local food production systems, rural communities);

Ethics (e.g., human intervention in nature, principles of nature conservation, intrinsic value of
organisms, protection of pristine nature or culturally important environments);

Effective public and stakeholder participation (e.g., inclusivity in risk acceptability and
decision making, integration of multiple disciplines and cross-cultural knowledge);

Public outreach and scientific communication (e.g., public consultations, use of local or
indigenous languages);

Transparency in research, development and decision-making (e.g., use of a registry, conflict
of interest declarations);

Field testing in areas outside the jurisdiction of developer;

Liability and redress;

Dual-use (e.g., deliberate creation of ecosystem imbalance);

Need for improved capacity-building and technology transfer;

Gender considerations (e.g., equal training opportunities for women);
Intergenerational equity (e.g., considerations of youth and future generations); and

Conflation of issues (e.g., removal of invasive species from environment vs. technology being
deployed).

6. Potential lessons from other domains

30.

Several examples in other fields and domains may provide important insights for the

consideration of engineered gene drives. Some examples could include:

The current experience with the use of insecticides and pesticides;

Experience with other living modified insects that do not contain engineered gene drives (e.g.,
risk assessment frameworks, self-limiting insects);

Risk assessments of classic biocontrol and sterile insect technique applications could inform
the risk assessment of LMQOs containing engineered gene drives;

Invasive species could provide clues to invasion and spread of an engineered gene drive
system;

Regulation of invasive species (e.g., European Union Regulation 1143/20141 provides for a
cross-border ‘three-stage hierarchy’ of risk management: prevention, early detection, and
long-term control);

Nanotechnology due to its poor retrievability post-release; and

Existing and ongoing multidisciplinary assessment (e.g., “Intercultural Assessment of
Synthetic Biology Applications” follows a participatory assessment approach with
indigenous and peasant communities in Chile and Mexico).

1 Available at: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32014R1143
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31. It is important to note that a process currently underway under the Cartagena Protocol on
Biosafety to develop additional voluntary guidance on the risk assessment of LMOs containing
engineered gene drives. In addition, relevant resource materials related to detection and identification
of LMOs and the Network of Laboratories for the Detection and Identification of Living Modified
Organisms are available on the Biosafety Clearing-House?.

Self-limiting insect systems

32.  Self-limiting insect systems are applications that are developed to reduce the numbers of
disease vector or agricultural insect pests without persisting in the wild populations in the absence of
sustained releases. These systems are implemented using transgenic cassettes (e.g., genetic circuits)
to improve on sterile insect technique, which involved irradiating males and caused reduced fitness,
increased costs and reduced effectiveness. These living modified insects involve releases of modified
adult males (first generation) or encapsulated larvae or eggs (second generation), which when the
modified adults mate, they do not produce insects that survive to maturity. Research is on-going to
develop new systems, such as precision guided sterile insect technique (utilizing CRISPR-Cas), and
applications in new insect species. These systems are considered to be “living modified organisms”
as defined by the Cartagena Protocol on Biosafety.

33.  Specific examples of self-limiting insects include the living modified insects developed by
Oxitec, such as the living modified Aedes aegyptii to control dengue, as well as the living modified
diamondback moth (Plutella xylostella) and the Friendly™ Fall Armyworm (living modified
Spodoptera frugiperda) for agricultural settings.

Timeframe

34. Field trials for self-limiting insects have occurred in United States (mosquitoes and
diamondback moth), Brazil (mosquitoes and fall armyworm), Cayman Islands (mosquitoes), China
(mosquitoes) and Burkina Faso (male-biased Anopheles gambiae mosquitoes). Other field trials are
ongoing (e.g., in the case of Oxitec’s second generation living modified Aedes aegyptii). Several
other species are under development. Regarding other self-limiting systems, such as those based on
the precision guided sterile insect technique, field trials could be within 10 years (e.g., living
modified Anopheles gambiae in The Gambia). However, timeframes may vary depending on the
developmental stage of the application and regulatory approval.

Potential impacts on the objectives of the Convention of Biological Diversity

35.  Self-limiting insect systems are likely to have impacts similar to other living modified insects
aimed at reducing disease burden or controlling insect pests on the three objectives of the Convention
on Biological Diversity. These potential impacts could be positive or negative and are listed below.

36. Potential positive impacts may include:

e Reduced disease burden and transmission of vector-borne diseases;

Control agricultural pests;

Reduced chemical pesticide use (e.g., reduced adverse impacts of broad-spectrum pesticides);
and

Control of invasive insect species.

37.  However, there could also be potential negatives impacts, which could include:

Population collapses (e.g., disruption to food webs)

2 The Network of Laboratories for the Detection and Identification of Living Modified Organisms is available at:
https://bch.cbd.int/en/portals/detection/network-of-labs. Biosafety Technical Series 05: Training Manual on the

Detection and Identification of Living Modified Organisms in the Context of the Cartagena Protocol on Biosafety is
available at: https://bch.cbd.int/en/database/VLR/BCH-VLR-SCBD-260177-3
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¢ Population dynamics (e.g., population rebounds following release)

¢ Niche replacement (e.g., biological invasion of an alternative disease vector, secondary pest
or invasive species);

o Horizontal gene transfer (e.g., causing unintended effects in non-target populations);
¢ Unintended releases or persistence (e.g., unexpected survival of lethality cassettes);
o Hybridization due to the use of non-native strains for transformations;

e Use of antibiotics to rear living modified insects; and

¢ Introduction of novel toxins or induction of allergenicity.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

38. Due to the self-limiting nature of the modified insects, the risk assessment process could
potentially be simpler compared to other modified insect applications, which could persist in the
environment for longer durations. Despite this, the following points may necessitate further
consideration:

o Genetic stability and incomplete phenotypic expression of selective lethality;

Next-generation effects;

Large spatial distribution (e.g., transboundary movements, buffer zones);

Availability of data on potential impacts on native species;

Treatment of uncertainties; and

Need for monitoring for intended and unintended effects.

39. Regarding the availability of tools for detection and identification, genetic methods based on
protein or DNA techniques have not yet been developed for field use. Currently, monitoring is
conducted using traps and fluorescent protein markers for visual detection. Thus, further
development of detection and identification methodologies might be required.

Limits of knowledge

40. Interms of potential limitations to current knowledge about self-limiting insect systems, some
considerations may include:

o Availability of environmental baseline data (e.g., population densities, biotic interactions,
spatial distribution and movement);

o Impacts of horizontal gene transfer;
o Availability of data demonstrating efficacy of the intervention and supressing disease; and

o Lower amount of data generated on newer self-limiting insect systems (e.g., precision guided
sterile insect technique).

Additional relevant impacts

41. Inaddition to the potential impacts of the use of self-limiting insect systems on the Convention
on Biological Diversity, there could also be additional relevant considerations to take into account.
These may potentially include:

e Human health (e.g., reduction of deaths caused by vector-borne diseases such as malaria and
dengue and yellow fever, reduced chemical pesticide exposure, novel allergenicity or
toxicity due to ingestion or exposure);
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e Economic (e.g., reduced health care costs, decreased loss of economic output related to illness
and death, increased economic security in affected communities, reduced agricultural
losses);

e Economic sustainability (e.g., high cost if efficacy is low, potential need for multiple releases,
reliance on the use of additional products in conjunction);

e Considerations of alternative interventions;

o Access to information (e.g., data generated for assessments, limitations not published)
o Loss of traditional knowledge (e.g., reliance on technological solutions);

o Free, prior and informed consent of indigenous peoples and local communities;

¢ Individual consent (e.g., large distribution may not enable individuals to opt-out);

e Fairness and disparity between potential positive and potential negative impacts (e.g., select
individuals may benefit from positive impacts while whole community may be affected by
potential negative impacts, incompatibility with small-holder farming systems to allow for
potential benefits);

e Liability and redress;
o Political considerations (e.g., global public health agendas);
¢ Public and stakeholder engagement in decision-making; and
o Clear scientific communication.

Potential lessons from other domains

42.  For self-limiting insect systems, there is a growing body of scientific and peer-reviewed
literature available for systems based on genetic circuits (e.g., those that aim to replace sterile insect
technique). However, lessons could also be learned from conventional sterile insect technique,
incompatible insect technique and other forms of biocontrol. Additionally, data and information
collected during evaluations of these systems could be useful for the risk assessment of other
modified insects, such as those containing engineered gene drives.

Integration of artificial intelligence and machine learning

43.  Advances in machine learning and artificial intelligence have led to an increase in their
utilization for the development of synthetic biology applications. These algorithms use mathematical
models (e.g., neural networks) and large datasets (e.g., chemical information, sequencing data) to
inform the engineering or creation of synthetic biology organisms, products and parts. In addition,
programmes have also been utilized to predict outcomes of genetic interventions, support
experimental design and facilitate automated searches of large databases.

44.  Atrtificial intelligence and machine learning are enabling the re-engineering, re-imagining and
creation of a diverse range of applications including enzymes, catalysts, food ingredients,
pharmaceuticals, biomaterials, coatings, gene therapies and chemical production, among others.
Some specific examples include:

e Machine learning-aided protein engineering (e.g., hydrolases for polyethylene terephthalate
depolymerization, plant metabolite production in synthetic microbial applications, novel
functional lysozymes, enzymes to transform bitter compounds in stevia to sweeter variants
(Arzeda));

¢ Protein folding predictions to streamline biosynthesis across various industries (e.g., Alpha
Fold and ESMFold);
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e Machine learning models for the creation of novel, customized proteins (e.g., ProtGPT2,
Chroma, ProGEN);

e Text-to-DNA and text-to-protein applications (e.g., translating text or language prompts into
genetic elements or polypeptides, such as DNA-Diffusion, ProteinDT);

e Automated closed-loop laboratories facilitated by artificial intelligence;

e Bio-computation to overcome the limitations in silicon-based computation (e.g., leveraging
the computing capacity of engineered organisms like Escherichia coli, DNA data storage,
biological processing units based on in vitro neural cell cultures (Cortical Labs)); and

e Responsive crops and artificial intelligence-guided precision agriculture (e.g., InnerPlant
developed engineered plants to emit fluorescent signals when stressed, which can be monitored
by satellites and John Deere agricultural equipment cameras).

45.  Due to the transformative nature of these tools, artificial intelligence-designed applications of
synthetic biology may impact both the Kunming-Montreal Global Diversity Framework Targets and
United Nations Sustainable Development Goals. For example, artificial intelligence-guided
metabolic engineering potentially contribute to the United Nations Sustainable Development Goals,
particularly 1 (No Poverty), 2 (Zero Hunger), 3 (Good Health and Well-Being), 6 (Clean Water and
Sanitation), 7 (Affordable and Clean Energy), 12 (Responsible Consumption and Production), 13
(Climate Action), 14 (Life Below Water) and 15 (Life on Land).

Timeframe

46.  Applications of synthetic biology designed and developed using artificial intelligence tools are
already in use. However, significant investments in research are anticipated within the next 5 years.
Several artificial intelligence and computing companies (e.g., Meta, Google/Deep Mind, Microsoft,
NVIDIA, Salesforce and Stability Al) are entering into agreements or joint ventures with
biotechnological companies (e.g., Gingko Bioworks) and/or institutes (e.g., Broad Institute). Given
rapid development and use of artificial intelligence in other industries, impacts could be immediate
or near-term. Further, based on the experience with large language models, such as the ChatGPT and
Dall-E applications, generative artificial intelligence could soon also be taken up in the field of
synthetic biology (e.g., genomic-scale language models, protein language models).

Potential impacts on the objectives of the Convention of Biological Diversity

47. Regarding the convergence of artificial intelligence and machine learning with synthetic
biology, there could be impacts on the three objectives of the Convention on Biological Diversity
depending on the application in use.

48. Some potential positive impacts could include:
o Aiding in conservation efforts, such as predicting and preventing zoonotic disease outbreaks;
¢ Reduced reliance on non-sustainable uses of biological diversity;

¢ Climate change mitigation (e.g., facilitate creation of biosequestration systems, replacement
of fossil fuels); and

e Supporting ecosystem diversity and health (e.g., applications to degrade of plastics and
environmental pollution, improved freshwater use efficiency through the use of halotrophic
organisms).

49.  Some potential negative impacts could include:
o Harm to biological diversity through accidental releases or misuse of technology;

o Disruption of the sustainable use of biological diversity, particularly in Global South (e.g.,
flavours, fragrances and cosmetics);
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¢ Negative changes in land and ocean use; and

o Facilitated use of genetic resources without benefits-sharing (e.g., biopiracy, lack of informed
consent or material transfer agreements).

3. Potential gaps to risk assessment, risk management and regulation and availability of tools for
detection, identification and monitoring

50. The use of artificial intelligence in synthetic biology could raise pertinent considerations for
risk assessment, risk management and regulation of these types of synthetic biology applications,
including its relationship to the precautionary principle. Some potential points to consider could be:

e Challenges to assessment (e.g., novel synthetic pathways and genetic circuits, complex
biological activity of proteins on molecular processes);

Extensive use of biological data by artificial intelligence systems complicates the governance
and fair sharing of benefits from digital sequence information (e.qg., attribution to source(s),
traceability);

Use of digital sequence information without consent could challenge provisions in the
Convention on Biological Diversity and the Nagoya Protocol on Access to Genetic
Resources and the Fair and Equitable Sharing of Benefits Arising from their Utilization (e.g.,
in design or as part of training datasets);

Text-to-DNA and text-to-protein applications lower barriers for amateurs and small players,
posing challenges in detection, monitoring, governance and containment;

Need for global cooperation and benefits-sharing;

Gap in international environmental regulation for synthetic de novo proteins;

Decentralized production and regulation;

Increased scale of certainties and uncertainties; and
¢ Need for monitoring and reporting mechanism for artificial intelligence-designed organisms.
4. Limits of knowledge

51. Due to the transformational nature of the artificial intelligence and recent application to the
field of synthetic biology, some potential limits in knowledge could exist and may include:

o Unknown biosafety risks due to the complexity and unpredictability of ecosystem interactions
with novel applications (e.g., synthetic proteins, novel genetic sequences);

Persistence of synthetic proteins in environment;

Availability of reliable forecasting for impacts on ecosystems (e.g., the availability of
genomic, transcriptomic and proteomic data to predict potential effects, understanding of the
multitude of protein interactions at a cellular level);

Precision and accuracy of artificial intelligence and machine-learning models (e.g., outputs are
probability based, impacts of biases in training datasets);

Ability to explain results of an artificial intelligence model (e.g., erroneous outputs); and

Lack of experience with the creation of novel organisms and novel emerging applications (e.g.,
bio-computing).
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Additional relevant impacts

52. Beyond the impacts on the objectives of the Convention, the use of artificial intelligence and
machine learning for the creation of applications of synthetic biology, may pose additional relevant
considerations. These could potentially include:

Accelerated development of synthetic biology applications;

o Increased efficiency and optimization of bioproduction;

o Informed vaccine design (e.g., pandemic prevention);

o Market concentration in a few companies;

¢ Required reliance on additional commercial products (e.g., ‘technological lock-in’);

o Shifts in industries and supply chains (e.g., economic losses for small-scale farmers, natural
product producers, economies reliant on biological diversity);

o Lower barrier for the creation of modified organism in low containment or without regulatory
oversight;

e Biosecurity implications, including dual or military use of applications (e.g., creation of toxins
or harmful compounds, misuse of text-to-protein models);

o Susceptibility of training datasets to poisoning;
o Lack of transparency in the decision making of artificial intelligence models;

o Availability and quality of datasets (e.g., overrepresentation of crop varieties grown in Global
North or optimized for commercial use);

o Liability and redress;

o Intellectual property and ownership considerations; and

e Equity and consent (e.g., use of traditional knowledge, control of genetic resources).
Potential lessons from other domains

53.  When considering the use of artificial intelligence and machine learning in synthetic biology,
some important lessons could be taken from the utilization of artificial intelligence in other sectors,
including the management of bias in training data and ethics in artificial intelligence. Recently, the
European Union passed regulations to ensure “explainable artificial intelligence” to improve
transparency in artificial intelligence systems.

54.  Further, historical examples of the early synthetic chemical industry and unintended
environmental impacts could also potentially inform the treatment and management of the
environmental use of synthetic proteins. In addition, current experience with LMOs could also inform
potential risk assessment, risk management and regulation of organisms designed by artificial
intelligence.

Inequity in the participation of developing countries in the context of synthetic biology

55.  Developed countries represent the leaders in the research and development within the field of
synthetic biology. However, the participation of developing countries in both the research and
development in synthetic biology could be important for achieving the objectives of the Convention
on Biological Diversity, particularly for the equitable sharing of the benefits arising out of the
utilization of genetic resources. Despite this, developing countries currently face challenges in their
ability to research, access and use the technology, thus resulting in inequitable participation.
Currently, Latin America, the Middle East and Africa contribute an estimated 7% of the total market
value of synthetic biology.
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56. The level of participation in the research and development of synthetic biology could have an
influence on Targets 17 (Strengthen Biosafety and Distribute the Benefits of Biotechnology) and 20
(Strengthen Capacity-Building, Technology Transfer, and Scientific and Technical Cooperation for
Biodiversity) of the Kunming-Montreal Global Biodiversity Framework.

Timeframe
57.  The issue of inequity in the field of synthetic biology is considered to be current and ongoing.
Potential impacts on the objectives of the Convention of Biological Diversity

58.  When considering equitable participation of developing countries in the field of synthetic
biology, the following potential positive impacts could be enabled:

e Improved implementation of Articles 16, 17, 18 and 19 of the Convention on Biological
Diversity;

o Preservation of ecosystems and habitat restoration;

e Sustainable agriculture practices (e.g., improved soil fertility, improved climate resilience,
reduced impact of conventional or traditional farming practices);

o Reduced pressures on biological diversity due to pollution, pesticides and waste;
e Improved land use;

¢ Enable monitoring of biological diversity;

o Improved sustainable use of biological diversity;

o Fair and equitable benefits sharing; and

o Cataloguing of genetic resources (e.g., understanding national genetic biodiversity, improved
benefits sharing).

59.  When considering inequitable participation of developing countries in the field of synthetic
biology, potential negative impacts could include:

o Hindered ability to access the potential benefits of synthetic biology applications; and

¢ Developing countries could remain primarily as exporters of raw materials, which could cause
a reliance on resource extraction and negatively impact conservation efforts.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

60. Regarding risk assessment, risk management and regulation of synthetic biology, specific
considerations for developing countries may include:

o Limited access to technology and resources may hinder the ability to conduct thorough risk
assessments;

Need for capacity-building and further awareness of the applications of synthetic biology (e.qg.,
experience assessing applications of synthetic biology has implications on the effectiveness
of risk assessment and regulation);

Improved bureaucracy to prevent research delays (e.g., contracts for access to genetic
resources);

Appropriate regulatory frameworks (e.g., alignment to specific needs and context, prevention
of adverse impacts);

Need for ethical guidelines for the development of synthetic biology;
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¢ Need for government prioritization and enabling policies;
e |ncreased resource mobilization; and
¢ Need for global collaboration and cooperation.

61. The tools for detection, identification and monitoring of the applications of synthetic biology
are available to some extent in developing countries. However, multiple entry ports-of-entry,
increased volumes due to growing economies, lack of laboratory infrastructure, training personnel
and available resources impact their effective use. In addition, access to next-generation sequencing
technologies is needed for nations to derive fair and equitable benefits from their genetic resources.

Limits of knowledge

62. Limited information is available regarding potential limits of knowledge in relation to the
inequity in the participation of developing countries in the context of synthetic biology. However, in
general, questions remain regarding current levels of knowledge on how changes induced by
synthetic biology interventions impact the functioning of biological systems and interactions within
ecosystems.

Additional relevant impacts

63. The inequity in the participation of developing countries in the context of synthetic biology
raises several additional relevant impacts beyond impacts on the objectives of the Convention of
Biological Diversity and regulatory considerations. Some of these considerations are detailed below.

64. Equitable participation of developing countries could potentially result in:

Improved health (e.g., enhanced nutrition of crops, vaccine development, novel diagnostic
tools for healthcare);

o Improved food security;

o Poverty alleviation;

e Creation of sustainable bio-economies and shift from petroleum-based economic activities;
¢ Inclusion in the global growth of the synthetic biology market;

e Creation of additional socioeconomic value from resources; and

e Fostering local innovation (e.g., adapting orphan crops to new biotic or abiotic stressors,
support for research jobs in developing countries, novel nature-inspired applications).

65. Inequitable participation of developing countries could potentially result in:
e Continued dominance by Global North in the research and development of synthetic biology;

e Dependence on developed nations for access to technology (e.g., widening economic gap
between developed and developing nations);

o Poor participation in discussions and debates on the applications of synthetic biology; and
o Underutilized research potential of developing countries.
Potential lessons from other domains

66. To further promote the equitable participation of developing countries in synthetic biology,
lessons from promoting inclusivity in scientific research and similar technology transfer initiatives
should be explored. In addition, experience with current LMOs could provide a foundation for
understanding and assessing the applications of synthetic biology on a case-by-case basis and in
accordance with national circumstances. In addition, lessons could also be learned by following a
stepwise approach during research and development of synthetic biology applications to allow for a
continual collection and assessment of information. Furthermore, experience with research,
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capacity-building and technology transfer initiatives could facilitate fair and equitable benefits-
sharing.

Additional trends and issues in synthetic biology prioritized by the
multidisciplinary Expert Group

Use of synthetic biology in wild organisms in the context of resilience in threatened
species

67. The use of synthetic biology in wild organisms in the context of resilience in threatened species
aims to assist conservation efforts for endangered or threatened species by introducing or reinforcing
genetic diversity and conferring resilience to biotic and/or abiotic pressures. Approaches could entail
engineering protected species, precision conversation strategies and assisted evolution.

68. Some specific examples of applications could include:
e Engineered American chestnut trees for blight resistance;

¢ In vivo germ-line genome editing directly into wild bird populations for disease resistance
(e.g., malaria resistance in Hawaiian honeycreepers);

¢ Inheritable immunity to sylvatic plague in critically endangered black-footed ferrets;
o Enhanced thermal tolerance in coral and kelp species;

o Engineered chytrid resistance in frogs;

o Cane toad toxin resistance in Northern Quolls, Australia; and

¢ Modification of honeybee microbiome for greater pest resilience.

69. Synthetic biology approaches to improve resilience in threatened species might be relevant for
the goals and targets of the Kunming-Montreal Global Biodiversity Framework, such as Targets 9
(Manage Wild Species Sustainably To Benefit People), 10 (Enhance Biodiversity and Sustainability
in Agriculture, Aquaculture, Fisheries, and Forestry) and 17 (Strengthen Biosafety and Distribute the
Benefits of Biotechnology). Particularly, for Target 17, further strengthening of biosafety measures
might be required to account for gaps in risk assessment and risk management.

Timeframe

70. The timeframe varies for these applications. Some applications are near-term, such as the
blight-resistant American chestnut (under regulatory review for release) and other are far-future and
still in experimental stages, such as chytridiomycosis-resistant frogs (over 10 years away from
release).

Potential impacts on the objectives of the Convention of Biological Diversity

71.  The use of synthetic biology in wild organisms in the context of resilience in threatened species
could have both positive and negative impacts particularly on the first objective of the Convention
on Biological Diversity.

72.  Some potential positive impacts on the conversation of biological diversity include:

Tolerance to abiotic stress (e.g., thermal stress, climate change);

Resistance to biotic stress (e.g., pathogens, pests);

Increased or maintenance of current genetic diversity;

Restoration of lost genetic diversity;

Reduction in insect vector disease transmission; and
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Reverse decline of and increase the number of critically endangered species.

73.  Some potential negative impacts on the conversation of biological diversity include:

Unintended impacts on native flora, fauna and microbes;

Changes to ecosystem dynamics, such as the biotic-biotic and biotic-abiotic interactions,
leading to biodiversity loss;

Increased competitiveness (e.g., outcompete native species);

Increased invasiveness;

Unintended impacts of genetic modification and off-target genome editing (e.g., increased
susceptibility to other diseases, invasiveness, loss of genetic diversity, development of
toxins, changed cellular regulation); and

e Gene flow (e.g., transfer of antibiotic or herbicide resistance gene cassettes into wild relatives).

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

74.  When considering the use of synthetic biology in wild organisms in the context of resilience
in threatened species, the Cartagena Protocol on Biosafety is an important instrument support the
process of risk assessment of these applications. However, potential challenges to risk assessment,
risk management and regulation may still exist. These could include:

o Use of synthetic biology in unmanaged or wild environments;

Accounting for complexity of ecosystems (e.g., from molecular to ecosystem level);

Co-existence of modified and non-modified organisms;

Lack of risk management measures (e.g., irreversibility of release, large spatio-temporal
distribution);

Limited availability of data on whole ecosystems (e.g., species relationships);

Extrapolation of laboratory or contained use data (e.g., predicting environmental impacts); and
o Transboundary movements.
Limits of knowledge

75. In terms of potential limitations to current knowledge about the use of synthetic biology in
wild organisms in the context of resilience in threatened species, some considerations may include:

e Behaviour of organisms in the environment;

o Complex biotic relationships in ecosystems (e.g., forest microbiomes, mycorrhizal interactions
and mutualistic communities); and

¢ Invasion biology.
Additional relevant considerations

76. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, and
potential challenges to risk assessment, risk management and regulation, the use of synthetic biology
in wild organisms in the context of resilience in threatened species could also raise additional relevant
considerations. Some potential points may include:

o Facilitation of responsible innovation and sustainable development;

o Access to technology in developing countries;
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Liability and redress;

Ethics (e.g., concept of nature and natural, value of nature, human intervention in nature);

Free prior and informed consent of indigenous peoples and local communities;

Attitudes of the public and indigenous peoples and local communities towards engineered
species for conservation could be dynamic and change;

Importance of stakeholder engagement;

Loss of benefits to provider countries (e.g., when endemic species are found or engineered
elsewhere); and

¢ Diversion from other conservation measures and approaches.
Synthetic biology applications for bioremediation, biodegradation or biomining

77.  Synthetic biology applications for bioremediation, biodegradation or biomining aim to assist
with waste management of environmental pollution, recycling of resources or recovery of valuable
metals from the environment. These applications are engineered to degrade, sequester or transform
environmental pollutants, as well as precipitate or extract valuable metals using metabolic and/or
protein engineering. Specific examples include:

e Engineered applications to detect and sequester pollutants, such as arsenic (e.g., biosensing
engineered bacteria to signal presence of specific pollutants);

e Biosensors for detecting aromatic hydrocarbons (e.g., transcription factor coupled to
fluorescent protein expression system based on gene circuits)

o Hexachlorobenzene degrading bacteria using a cytochrome P-450cam variant;

o Modifying microbes for plastic recycling (e.g., nylon, polyurethane and polyethylene
terephthalate);

e Biosynthesis of a granular material that attracts and sticks to micropollutants such as
pesticides, pharmaceuticals and certain chemicals in wastewater;

e Multicellular structured “synthetic jellyfish” to degrade contaminants after an oil spill;

e Novel approaches to detecting, removing and recycling perfluoroalkyl and polyfluoroalkyl
substances from water (e.g., engineering proteins to precisely bind per- and polyfluoroalky!l
substances);

e Microbial products that sequester radioactive elements through biosorption and
biomineralization processes and/or through direct and indirect redox transformation; and

e Designing microbes for sustainable and more efficient extraction of energy transition metals
(e.g., copper and lithium).

78.  Synthetic biology application for bioremediation, biodegradation or biomining could be
relevant for Kunming-Montreal Global Biodiversity Targets 9 (Manage Wild Species Sustainably
To Benefit People), 10 (Enhance Biodiversity and Sustainability in Agriculture, Aquaculture,
Fisheries, and Forestry) and 17 (Strengthen Biosafety and Distribute the Benefits of Biotechnology).
Further, these applications may also be relevant for several United Nations Sustainable Development
Goals, such as 2 (Zero Hunger), 6 (Clean Water and Sanitation), 7 (Affordable and Clean Energy), 9
(Industry, Innovation and Infrastructure), 11 (Sustainable Cities and Communities), 12 (Responsible
Consumption and Production), 13 (Climate Action), 14 (Life Below Water) and 15 (Life on Land).
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Timeframe

79. Many applications are in various stages of research, development and release with many being
near or medium term. For example, introduction of modified bacteria and enzymes into bioreactors,
oceans and landfills is expected in the next 3 to 5 years, pending regulatory review while application
for the remediation of per-and polyfluoroalkyl substances could be in 5 to O years. Further, several
research groups are tackling the challenge of accelerating microbial digestion of multiple plastic-
based pollutants.

Potential impacts on the objectives of the Convention of Biological Diversity

80.  Synthetic biology applications for bioremediation, biodegradation or biomining could have
both positive and negative impacts on the objectives of the Convention on Biological Diversity,
particularly for the conservation and sustainable use of biological diversity.

81. Some potential positive impacts may include:
o Conservation of natural resources and biodiversity;

e Reduction and removal environmental pollution (e.g., heavy metals, pesticides,
pharmaceuticals);

o Remediation of contaminated environments (e.g., from oil spills); and
¢ Reduced use of toxic compounds.
82. Some potential negative impacts may include:
o Outcompeting native soil microorganisms (e.g., extinctions, loss of diversity);

o Adverse effects on soil function and soil ecosystems (e.g., disrupting or disturbing biotic
interactions);

o Gene transfer (e.g., unintended prolonged effects or novel phenotypes in the environment);
o Land use changes (e.g., extraction activities on ecologically significant areas); and
¢ Unintended adverse effects.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

83.  When considering the synthetic biology applications for bioremediation, biodegradation or
biomining, the Cartagena Protocol on Biosafety is an important instrument support the process of
risk assessment of these applications. Despite this, potential challenges to risk assessment, risk
management and regulation may exist, including sufficiency of available data (e.g., environmental
interactions) and treatment of the precautionary principle (e.g., cut-off criteria). However, risk could
also be mitigated through the use of microbes with high environmental specificity and further data
could be gathered using controlled experiments.

Additional relevant considerations

84. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, the
development of synthetic biology applications for bioremediation, biodegradation or biomining
should include a careful consideration of the social, ethical, and biosafety dimensions of the research,
alongside the intellectual merit, potential profitability or broader positive impacts.

85.  Further potential considerations may also include:

o Enhanced quality of life for communities affected by environmental pollution (e.g., improved
health outcomes);
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o Alternatives to environmental emergency response (e.g., locally adapted solutions for oil
spills);

o Shift in focus away from preventing the initial environmental pollution; and
¢ Increase extraction activities on culturally significant areas.
Microbiome engineering for non-medical purposes

86. Microbiome engineering for non-medical purposes focuses on the modification of
microbiomes associated with plants, fungi, animals, soils, water, among other organisms and
environments. These approaches may also relate to the assembly of synthetic microbial communities
with optimized genotypes and phenotypes to address environmental or agricultural concerns. The
modification process may involve transgenic and/or genome editing techniques.

87.  Some specific examples of applications that could be considered as part of this item include:

Engineered symbiotic nitrogen-fixing microbes that associate with the roots of crop plants
(e.g., maize, wheat, rice);

e Engineered microbiome to protect crops from frost damage;

e Engineered microbes that assist plants to resist pests and diseases;

¢ Modified soil microbiomes for carbon sequestration (e.g., Audacious project);

e Engineering insect microbiomes for paratransgenetic applications;

o Antibody treatments for modulating livestock microbiome for reduced methane emissions;
e Engineered microbes that reduce methane production from ruminant livestock;

¢ Varroa mite-resistant honeybees by modifying gut microbiome;

¢ |Increased thermal tolerance in corals;

o Increased chytridiomycosis resistance in frogs;

e Modification of animal microbiomes through selective targeting of bacterial species (e.g.,
phage-mediated delivery of CRIPSR to kill specific species and bacterial genome editing
(Guided Biotics by Folium Science)); and

o Microbial consortia for bioproduction (e.g., petrochemical equivalents, industrial chemicals,
materials).

88. The microbiome engineering could have impacts on Targets 10 (Enhance Biodiversity and
Sustainability in Agriculture, Aquaculture, Fisheries, and Forestry) and Target 17 (Strengthen
Biosafety and Distribute the Benefits of Biotechnology) of the Kunming-Montreal Global
Biodiversity Framework. In addition, these applications may also contribute directly to the
Sustainable Development Goals 7 (Affordable and Clean Energy), 9 (Industry, Innovation and
Infrastructure), 12 (Responsible Consumption and Production), 13 (Climate Action) and 15 (Life on
Land).

Timeframe

89. Applications are under various stages of research, development and commercialization. The
majority of research is currently focused on the modification of one or two species in a microbiome.
Near-term examples include microbial treatments to replace nitrogen fertilizers (commercialized),
Guided Biotics (under regulatory approval) and anti-Varroa mite microbes (field trials).
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Potential impacts on the objectives of the Convention of Biological Diversity

90. Microbiome engineering for non-medical purposes could have both positive and negative
impacts on the objectives of the Convention on Biological Diversity, particularly for conservation
and sustainable use of biological diversity.

91. Some potential positive impacts could include:

o Pest and disease resistance;

e Tolerance to abiotic stress (e.g., thermal stress, climate change);

o Reduced use of antibiotic (e.g., lowered risk of antibiotic resistance);

o Reduced dependence on chemical fertilizers;

¢ Reduced methane emissions from ruminants; and

o Carbon-negative chemical manufacturing (e.g., reduction of greenhouse gases).
92.  Some potential negative impacts could include:

e Disruption of natural or agroecological microbiome function;

o Perturbation of ecosystem functions (e.g., disruption of symbiotic relationships);

e Horizontal gene transfer resulting in the spread of antibiotic resistance genes or genetic
cassettes (e.g., unintended phenotypes, phenotypic persistence);

Risk for the development of pathogenicity; and
¢ Unintended, off-target and unforeseen impacts.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

93.  When considering microbiome engineering for non-medical purposes, the Cartagena Protocol
on Biosafety is an important instrument support the process of risk assessment of these applications.
Despite this, potential challenges to risk assessment, risk management and regulation may still exist.
These could potentially include:

o Modification of organisms in their native environments (e.g., modification outside biosafety
regulations);

o Containment challenges (e.g., interconnectedness of microbiomes, accidental escape);

o Potential for spread and transboundary movements; and

o Regulatory status if genome-edited (e.g., mixed regulation for genome edited products).
Limits of knowledge

94. Despite a recent and growing body of literature on microbiomes for medical purposes, a high
degree of uncertainty may be related to non-medical microbiome engineering due to a lack of
knowledge to non-human microbiomes. Thus, some potential points for further consideration may
include:

e Limited knowledge on microbiomes in general;

Complexity of partnership networks;

Microbial and pathogen evolution;

Indirect effects of microbiomes on soil and plant health; and

Cumulative effects.

23/71



CBD/SYNBIO/AHTEG/2024/1/INF/1

24/71

Additional relevant considerations

95. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, and
potential challenges to risk assessment, risk management and regulation, microbiome engineering
for non-medical purposes could also raise additional relevant considerations. Some potential points
may include:

e Human health (e.g., reduced antibiotic resistance in food-borne pathogens, reduced exposure
to agricultural chemicals, accidental consumption);

Human microbiomes (e.g., horizontal gene transfer, accidental consumption);

Organic farming (e.g., spread of modified microorganisms onto organic farms);

Creation of new low-carbon or circular economies in the case of biomanufacturing
applications;

Intellectual property (e.g., patenting of microbes could impact farmers and stakeholders
involved in agri-food system);

Free, prior and informed consent of indigenous peoples and local communities (e.g., spread
onto traditional lands and waters); and

¢ Public engagement.
Engineered bacteria for nitrogen-fixation and fertilizers

96. Applications of engineered bacteria for nitrogen-fixation and fertilizers aim to use microbial
engineering to replace chemical inputs into agricultural systems, such as fertilizers. In the case of
nitrogen, these applications aspire to the replace ammonia fertilizers, produced through the Haber-
Bosch process. One specific example could be engineered bacteria developed by PivotBio, which
colonizes maize roots and fixes nitrogen for the plants.

97. Engineered bacteria for nitrogen-fixation and fertilizers may have considerations for Target
17 (Strengthen Biosafety and Distribute the Benefits of Biotechnology) of the Kunming-Montreal
Global Biodiversity Framework, the Soil Conservation Strategy by the Food and Agriculture
Organization of the United Nations and the Secretariat of the Convention on Biological Diversity
and United Nations Sustainable Development Goal 2 (Zero Hunger).

Timeframe

98. The engineered bacteria developed by PivotBio are commercially available in North America.
Other engineered (single) microbes with greater capacity to fix nitrogen for maize, barley and wheat
systems could be commercialized in the near-term, while consortia might only be available in 10
years or longer.

Potential impacts on the objectives of the Convention of Biological Diversity

99. The use of engineered bacteria for nitrogen-fixation and fertilizers could have both positive
and negative impacts on the objectives of the Convention on Biological Diversity, particularly for
sustainable use of biological diversity.

100. Some potential positive impacts may include:

o Energy efficiency for the production of ammonia fertilizers (e.g., reduced emissions depending
on energy infrastructure);

¢ Reduction of environmental pollution from agricultural run-off that leads to declines in fish
and other aquatic organisms (e.g., through eutrophication);

o Reduced chemical inputs into agricultural systems (e.g., reduced environmental impact due to
agriculture, efficient resource use); and
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e Reduction in greenhouse gases (e.g., assist with emissions reductions).
101. Some potential negative impacts may include:

¢ Increased invasiveness;

¢ Increased fitness (e.g., displacement of beneficially microorganisms);

e Unintended impacts on due to altered metabolic functions; and

o Negative impacts on animal microbiomes due to exposure.

3. Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

102. When considering risk assessment and risk management of engineered bacteria for nitrogen-
fixation and fertilizers, natural (non-modified) biological fixation is likely to provide an appropriate
comparator to inform the process of risk assessment. However, following may complicate or pose
challenges to the risk assessment of such organisms:

e Containment (e.g., lack of ability to retrieve organisms once released);
¢ Potential for transboundary movements; and

e Persistence (e.g., phenotypic persistence due to horizontal gene transfer to other species;
colonization).

4, Additional relevant considerations

103. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, and
potential challenges to risk assessment, risk management and regulation, engineered bacteria for
nitrogen-fixation and fertilizers could also raise additional relevant considerations, such as:

o Cost savings for producer (e.g., reduced procurement of fertilizers);
o Increased soil fertility and productivity;
o Intellectual property (e.g., relationship between patents and food systems); and
e Access to information and lack of transparency.
E. Genome-edited plants

104. When referring to genome edited plants, applications are based on the precise genetic
modification of a plant species to induce a variety of different traits, such as herbicide tolerance, pest
resistance or improved composition, among many others. Tools, such as CRISPR,? induce genetic
modifications that range from having single nucleotide variations (e.g., additions, deletions,
conversions) to precise additions of genetic sequences (e.g., integration of a gene cassette into a
define location on a chromosome, genetic sequence replacements) to complex rearrangements of
genetic material. Other applications may also have a series of genomic edits in one plant variety,
such as de novo domestication of wild crop relatives.

105. In general, research and development are largely focused on agricultural crop species, but
genome editing may also be applied to ornamental flowers and trees. Some specific examples of
genome-edited plants include:

o Soybean with high-oleic acid levels;

o Disease resistant banana, cassava, maize, potato and rice;

3 Other tools, such as meganucleases, zinc finger nucleases and oligonucleotide-directed mutagenesis can also be used to produce
single or few base pair changes in plant systems.
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Cyanide-free cassava;

Low-arsenic rice;

Mustard greens with reduced bitterness; and

Reduced methane emitting rice.

106. Genome edited plants may have contributions to Target 17 (Strengthen Biosafety and
Distribute the Benefits of Biotechnology) of the Kunming-Montreal Global Biodiversity Framework
through research on detection and identification and risk assessment to strengthen biosafety capacity.
Other targets that could be impacted may include Targets 2 (Restore 30% of All Degraded
Ecosystems), 7 (Reduce Pollution to Levels That Are Not Harmful to Biodiversity), Target 9
(Manage Wild Species Sustainably To Benefit People), 10 (Enhance Biodiversity and Sustainability
in Agriculture, Aquaculture, Fisheries, and Forestry), 14 (Integrate Biodiversity in Decision-Making
at Every Level) and 15 (Businesses Assess, Disclose and Reduce Biodiversity-Related Risks and
Negative Impacts). However, it is important to recognize that genome edited plants may have the
potential to both assist and hinder the achievement of these targets, depending on the specific traits
and manner in which they are used.

107. Further, these applications may also support several United Nations Sustainable Development
Goals, such as 1 (No Poverty), 2 (Zero Hunger), 3 (Good Health and Well-Being), 9 (Industry,
Innovation and Infrastructure), 12 (Responsible Consumption and Production), 13 (Climate Action)
and 15 (Life on Land).

Timeframe

108. Genome edited plants containing small mutations, such as single nucleotide variations or
knockouts, have already been authorized, including a high-amylopectin waxy corn and Camelina
sativa with enhanced omega-3 oil in the United States, as well as a tomato with increased v-
aminobutyric acid levels in Japan and a high oleic soybean in China. Further increases can be
expected in the near-term. For plants containing complex genetic rearrangements, commercialization
may take over 10 years as further research is required.

109. In addition, it would be important to note that for commercial use, genome-edited varieties
would still require several years of breeding and selection before integration into commercial
varieties despite the potential speed in development in comparison to other genetic engineering
technologies, such as those based on transgenesis.

Potential impacts on the objectives of the Convention of Biological Diversity

110. Genome-edited plants may have both positive and negative impacts on the objectives of the
Convention on Biological Diversity, but these will depend on the specific characteristics of the plant.

111. Some potential positive impacts include:
e Tolerance to abiotic stress (e.g., drought, climatic adaptation);
o Resistance to pests and pathogens (e.g., reduced use of plant protection products);
e Enhanced carbon storage in root systems;
o Improved nutritional content;
o Improved photosynthesis;
o Increased yield,;
o Improved soil quality (e.g., protecting soil biodiversity, reduced soil erosion);

o Improved resource and land use efficiency; and



CBD/SYNBIO/AHTEG/2024/1/INF/1

e Enable sustainable use of biological diversity (e.g., enabling product of natural plant
metabolites in non-endangered species).

112. Some potential negative impacts may include:
o Increased use of pesticides or herbicides (e.g., traits that enable chemical product use);
e Changes to structure or nutritional content (e.g., unsuitable for consumption by wild animals);
o Hybridization with native plant species (e.g., reduced genetic diversity);
e Changes to toxicity and allergenicity of the plant;

e Unintended on-target and off-target effects (e.g., mutations, complex rearrangements,
translocations, insertions and deletions, foreign DNA incorporation);

o Altered cellular regulation (e.g., production of aberrant peptides, changes in metabolite levels);
¢ Intensification of agricultural management practices; and
o Increased use of genetic resources without benefits-sharing.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

113. Regulation of genome-edited plants currently varies by jurisdiction. Some countries consider
genome-edited plants to fall under the definition of “living modified organism” pursuant to the
Cartagena Protocol on Biosafety regardless of the outcome of the genome editing process (e.g., single
nucleotide variant or transgene), while other consider genome-edited plant to be equivalent to
conventional varieties produced through traditional breeding (e.g., for those that do not result in the
presence of transgenes). A mixed regulatory landscape may bring challenges to regulatory
harmonization internationally, trade and thorough evaluation of the applications if risk assessment is
not required. Further, regulatory considerations may need to be in place regarding the unintended
incorporation of foreign DNA into the genome edited organism.

114. One of the main challenges for the regulation of genome-edited plants is related to detection
and identification. Detection methods may not have the ability to distinguish between mutations
caused from targeted mutagenesis and those resulting from natural mutation. Despite the
developments with digital polymerase chain reaction and next-generation sequencing, detecting point
mutations or the small addition or deletion of a few bases remains to be a technical challenge. Thus,
analytical detection may need to be complemented by other enforcement measures, such as a
voluntary registry for collection and dissemination of information.

115. However, other challenges related to genome edited plants may not be fundamentally different
than those varieties produced through convention breeding techniques, depending on the trait
introduced or enabled. Thus, regulation may need to be considered in proportion to the risks presented
by the genome-edited plants, have different approaches depending on the plant species edited or be
adaptable to further developments in science.

Additional relevant considerations

116. Beyond the potential impacts to the objectives of the Convention on Biological Diversity,
regulation, genome-edited plants could also raise additional relevant considerations. Some potential
points may include:

o Improved nutrition and flavour of crops;
e Presence of unwanted secondary metabolites or toxic substances;
o Improved food security;

o Improved storage or increased shelf life;
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o Improved development pipeline (e.g., increased breeding efficiency, increased availability of
crop varieties, “orphan” and non-staple crops, expedited development pipeline);

e Responsible innovation (e.g., removal of varieties during development that do not meet
performance or safety standards, lack of stable phenotypes);

¢ Due diligence by developer (e.g., ensuring no foreign DNA incorporation);
o Increased seed diversity;

o Increased economic benefits for farmers (e.g., higher yield and quality, increased productivity,
cost savings);

o Public acceptance and perceptions;

o Intellectual property (e.g., ensuring access by breeders and farmers at affordable prices,
preserving investment incentives, patenting of sequence from centres of origin);

o Access to technology for developing countries;

e Access to information and transparency (e.g., the need for a voluntary registry to improve
traceability and information availability);

¢ Organic and “GMO-free” agriculture;
o Consumer choice and awareness; and
o Public engagement, including indigenous peoples and local communities.

F. Transient modification of agricultural plants, pests and pathogens using RNA
interference or nanomaterials

117. Transient modification applications are generally based on the use of RNA interference to
cause temporary gene silencing. The technology is based on the sequence homology between the
double stranded RNA, hairpin RNA or small interfering RNA and a target messenger RNA. The
double stranded RNA structure triggers a cellular response resulting in gene silencing through
degradation of messenger RNA, blocking translation or inducing epigenetic changes (e.g.,
heterochromatin formation).

118. These applications can be formulated as topical sprays, which can be applied to crop plants, to
feed or to food products to control pests and pathogens (biopesticides). However, the molecules can
also be produced by living modified organisms containing a specific gene cassette, such as crop
plants or cell factories, to confer pest resistance (e.g., by feeding) or enhance bioproduction (e.g.,
endogenous gene silencing). Thus, some applications aim to replace chemical pesticides.

119. Some specific examples of applications that could be considered as part of this item include:

Topical applications targeting pest insects;

Foliar sprays of double stranded RNA targeting pathogens on crops (e.g. Tobacco mosaic
virus, fungi, viruses);

Living modified maize expressing RNA interference cassette targeting corn rootworm;

Living modified cassava expressing RNA interference cassette cassava brown streak disease;
and

o Applications to control varroa mite in bee hives (e.g., double stranded RNA sugar solutions
fed to bees to confer protection to worker bees).

120. Further, nanomaterials, such as clay nanosheets and biodegradable complexes, are investigated
for improving double stranded RNA stability in the environment. These carriers may provide
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protection from environmental nucleases and ultraviolet light. This is an active and complementary
research area to the use of RNA interference-based biopesticides.

121. Transient modification of agricultural plants, pests and pathogens using RNA interference or
nanomaterials may contribute to Targets 7 (Reduce Pollution to Levels That Are Not Harmful to
Biodiversity) 10 (Enhance Biodiversity and Sustainability in Agriculture, Aquaculture, Fisheries,
and Forestry) and 17 (Strengthen Biosafety and Distribute the Benefits of Biotechnology) of the
Kunming-Montreal Global Biodiversity Framework. However, RNA interference-based sprays
could be considered to be pesticides, which may need further consideration in relation to Target 7,
and biosafety safety measures may need strengthening to account for gaps in risk assessment and
management to promote Target 17.

122. In addition, RNA interference -based application may also contribute to the United Nations
Sustainable Development Goals 1(No Poverty), 2 (Zero Hunger), 3 (Good Health and Well-Being),
13 (Climate Action) and 15 (Life on Land). Furthermore, these applications may also support the
Soil Conservation Strategy by the Food and Agriculture Organization of the United Nations and the
Secretariat of the Convention on Biological Diversity.

Timeframe

123. RNA interference-based applications are immediate to near-term. Several LMOs containing
RNA interference genetic cassettes have already been commercialized and approved in several
jurisdictions (e.g., BPS-25271-9, DP-@23211-2, DP-3@5423-1, DPS-@4@46-8, MON-87411-9,
MON-87429-9, MON-877@5-6 and MON-948@4-4).

124, Spray formulations containing double stranded RNA molecules are undergoing
commercialization (e.g., Ledprona from GreenLight Biosciences, Evolutta Agro Biotecnologia and
Sempre Agtech) in the United States of America and Brazil. Ledprona is expected to be the first
dsRNA spray application for commercial use in plants. In other jurisdictions, such as China, field
trials have been conducted. For example, Shanghai Zhi Sheng You Gu Biotechnology Co., Ltd.
Performed tests of products against cotton aphids (Aphis gossypii), peach aphids (Myzus persicae)
and striped flea beetles (Phyllotreta striolata). Further, Silray Technology (Shanghai) Co. have begin
field testing their RNA interference biopesticides targeting nucleic acid interference factors against
Tobacco mosaic virus. Other applications, such as those designed to alter the gender of prawns could
also be in the process of commercialization, but it is not clear.

Potential impacts on the objectives of the Convention of Biological Diversity

125. The transient modification of agricultural plants, pests and pathogens using RNA interference
or nanomaterials could have both positive and negative impacts on the objectives of the Convention
on Biological Diversity.

126. Some potential positive impacts could include:
o Reduction of chemical, board-spectrum pesticides (e.g., reduced toxic exposure);
o Low toxicity;
o Specific targeting of pests and pathogens; and
¢ High environmental degradability.
127. Some potential negative impacts could include:
o Unintended impacts in off-target organisms when used in the environment;
¢ Unintended gene silencing within target organism;
o Changes in gene expression due to saturation of RNA interference machinery;

o Adverse immunological reactions;
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e Persistence in environment (e.g., using novel formulations); and
¢ Novel forms of resistance development.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

128. When considering the use of transient modification applications, current regulatory
frameworks, such the Cartagena Protocol on Biosafety, are likely sufficient support the process of
risk assessment of LMO plants containing RNA interference cassettes. In contrast, since topical
applications of double stranded RNA are not living organisms, they would not be considered to be
subject to the provisions of the Cartagena Protocol on Biosafety. However, RNA interference-based
biopesticides have also been assessed as chemical pesticide products by a few bodies, such as the
Organization for Economic Cooperation and Development Working Party on Pesticides Ad Hoc
Expert Group on RNA interference pesticides.

129. Despite this, potential challenges to risk assessment, risk management and regulation may still
exist for transient modification applications. These may include:

o Stability of double stranded RNA molecules, particularly for novel formulations;

Next-generation effects (e.g., intergenerational hereditary effects);

Challenges to definition of “living modified organism” pursuant to the Cartagena Protocol on
Biosafety if an organism is transiently modified;

Treatment of topical applications as chemical pesticides (e.g., differing mode of action from
conventional chemical pesticides);

Exposure pathways of non-target organisms;

Availability of suitable ecotoxicological testing;

Limitations in the use of bioinformatic analyses for predicting off-targeting; and

Lack of rapid and sensitive detection methods for measuring double stranded RNA molecules
in the environment.

130. However, it can also be noted that due to the mechanism of RNA interference, there is no
modification (i.e., sequence change) at the genome level for these products, even in a transient
manner. Rather, gene silencing occurs at the level of transcription and translation.

Limits of knowledge

131. The use of transient modification applications in the environment may raise questions
regarding current levels of knowledge in relation to the mode of action of these applications and
could have implications on the risk evaluations of these application. Some potential considerations
may include:

e Fate, kinetics and concentration of double stranded RNA molecules in the environment;

o RNA interference mechanism and specificity (e.g., organismal variation, homology
considerations and size requirements of small interfering RNA to trigger an RNA
interference response, response and epigenetic effects);

¢ Impact of polymorphisms and mutations on efficacy and impact of the application;

¢ Auvailability of genomic or transcriptomic sequences for all organisms in environment (e.g.,
prediction of possible off-target effects); and

o Unintended prolonged effects (e.g., epigenetic inheritance mechanisms).
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Additional relevant considerations

132. In addition to the potential impact and challenges to risk assessment, transient modification of
agricultural plants, pests and pathogens using RNA interference or nanomaterials could also raise
additional relevant considerations. Some potential points may include:

o Alternative options to conventional pesticides (e.g., targeted pest control);

Improved farm productivity (e.g., climate change mitigation);

Human health (e.g., immunological reactions, sequencing homology to product, negligible
impact due to physiology);

Drift of dsSRNA sprays to non-target fields or indigenous territories (e.g., co-existence with
other production systems, liability, free, prior and informed consent);

Ensuring access to the technology, particularly for developing countries (e.g., sharing
benefits);

Lack of knowledge sharing between the fields of health and agriculture regarding the use and
exposure routes (e.g., oral intake);

Intellectual property (e.g., extension to exposed organism and off-spring, claims on natural or
agricultural systems); and

¢ Public and stakeholder participation (e.g., need for iterative communication processes).

Technical refinement of novel delivery systems and chemistries to modify organisms in
the field or in nature

133. Advancements in synthetic biology can facilitate the modification of organisms in the field or
in nature. These applications include novel mechanisms to deliver molecular machinery, vectors or
double stranded RNA molecules to various target organisms without the need for tissue culturing or
conventional transformation protocol. Specific example of advancements include.

134. Some specific examples of advancements include:

e Engineered gene drives;

RNA interference topical applications;

Horizontal Environmental Genetic Alteration Agents (e.g., insect delivery of viral sectors);

Pollen-mediated delivery of genome editing machinery;

Use of modified viruses (e.g., modified viruses to deliver genome editing machinery or induce
RNA interference); and

Use of nanoparticles and other novel chemistries (e.g., DNA nanotubules, engineered
proteins).

Timeframe

135. Research and development of novel chemistries and new delivery systems was ongoing and
nascent for certain applications. However, the modified phages targeting Salmonella sp. developed
by Folium Science are undergoing commercialization in Brazil, Thailand and the United States (see
section |1, sub-section C above). In addition, double stranded RNA applications may also be in the
near-future (see Section I, subsection F above), while engineered gene drives might be 5 to 10 years
away for field testing (see Section I, sub-section C above).
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Potential impacts on the objectives of the Convention of Biological Diversity

136. The technical refinement of novel delivery systems and chemistries to modify organisms in
the field or in nature could have both positive and negative impacts particularly on the first objective
of the Convention on Biological Diversity.

137. Some potential positive impacts on the conversation of biological diversity include:
¢ Reduced human damage on fragile ecosystems (e.g., use of engineered gene drives); and
¢ Reduced use of chemical pesticides (e.g., reduced toxic effects on biological diversity).
138. Some potential negative impacts on the conversation of biological diversity include:
o Disruption of evolutionary processes;
o Impaired biotic-biotic relationships;

o Off-target effects (such as in the case of genome editing, which could potentially cause genetic
insertions, deletions, inversions, translocations and rearrangements);

e Horizontal gene transfer (e.g., spread of antibiotic resistance genes); and
¢ Unintended affects.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

139. When considering the technical refinement of novel delivery systems and chemistries to
modify organisms in the field or in nature, potential challenges to risk assessment, risk management
and regulation may exist. These could include:

o Lack of published risk assessments;
o Treatment of uncertainty;
o Lack of risk management measures (e.g., potential for irreversibility);

o Regulatory gaps (e.g., biosafety vs chemical regulatory mechanisms, potential for ‘grey’ area);
and

o Labelling and traceability.
Limits of knowledge

140. Current knowledge surrounding the technical refinement of novel delivery systems and
chemistries to modify organisms in the field or in nature could raise questions when used in the
environment. Some considerations may include:

e Characterized microbial species in the environment (e.g., poor cultivation in laboratories for
vast majority);

¢ Microbial interactions in the environment (e.g., microbial communities, host relationship); and
¢ Impact of cumulative effects.
Additional relevant considerations

141. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, and
potential challenges to risk assessment, risk management and regulation, the technical refinement of
novel delivery systems and chemistries to modify organisms in the field or in nature could also raise
additional relevant considerations. Some potential points may include:

o Health (e.g., plasmid-mediated spread of antibiotic resistance genes to human-health relevant
bacterial pathogens);
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Market concentration;

Liability and redress (e.g., spread of application onto organic farm and subsequent legal status,
damage to staple crops);

Consumer choice (e.g., labelling);

Dual-use; and

Military funding (e.g., in the case of Horizontal Environmental Genetic Alteration Agents).
H.  Ability to re-create viruses by chemical DNA synthesis*

142. Advancements in chemical DNA synthesis and assembly of oligonucleotides can allow for the
de novo synthesis of viruses. To achieve infectious viral particles, oligonucleotides are first
synthesized and then assembled into longer oligonucleotides based on overlapping homologous
regions through the use of assembly strategies, such as polymerase chain reaction techniques, Gibson
assembly, among other assembly or extension tools. These long oligonucleotides are then transfected
into the appropriate host cell for replication and assembly of viral particles. Technological
improvements have allowed for the use of fewer larger oligonucleotides (10 to 30 kilobases in size)
for assembly, relied on synthetic genomics in yeast cells to assemble copy DNA and generate
infectious RNA (for RNA viruses) and/or utilized helper viruses.

143. Some specific examples of viruses that have been re-created from synthetic oligonucleotide
assembly include:

Poliovirus;

Bacteriophage ¢X174;

Horsepox;
Influenza (e.g., 1918 and H7N9 strains);

Hepatitis C virus; and
Coronaviruses (e.g., bat SARS-like coronavirus, SARS-CoV-2).

1. Timeframe

144. Proof of concept studies have occurred since the early 2000s. In 2000, researchers constructed
a DNA copy of Hepatitis C virus and in 2002, researchers generated infectious polioviruses from
DNA copies. Other significant examples include the synthesis of previously extinct influenza (1918
Spanish pandemic strain) in 2005 and horsepox virus in 2018.

145. Awvailability of viral sequence information (e.g., Virus Pathogen Database and Analysis
Resource) and software tools to guide genome assembly processes may increase the speed of skilled
researchers to assemble synthetic viral genomes. Increased capability of commercial nucleotide
synthesis could also facilitate the assembly of synthetic RNA genomes (~30 kilobases) in a two to
three week period by skilled researchers.

2. Potential impacts on the objectives of the Convention of Biological Diversity

146. Due to the development of these synthetic viruses in contained settings and for medical
purposes, limited information regarding the potential impacts on the objectives of the Convention is
available in published literature. However, there could be potential impacts on access and benefit
sharing of genetic resources, such in the case of collecting genetic material from one nation to
develop therapeutics without appropriate benefits sharing to the country of origin.

4 Limited information was shared during the submissions process. Text under this section is based on Technical Series No. 100 and
a limited number of references.
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147. Regarding other potential impacts on the other objectives of the Convention, there is the
potential for negative impacts if the technology is misused. However, if these applications are applied
for other uses, there could also be potential positive impacts, such as the development of therapeutics
for wildlife or animals.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

148. When considering the synthesis of viruses, potential gaps may relate to access and benefits
sharing regulation, such as in the case of the Convention on Biological Diversity and the Nagoya
Protocol. The availability of sequence information online and reduced costs of procuring synthetic
oligonucleotides from a commercial provider could potentially allow for researchers to circumvent
regulation. Other considerations may also include questions regarding containment and accidental
release events, as well as the relationship between other international instruments, such as the
Biological Weapons Convention for these applications.

Limits of knowledge

149. Limited information is available regarding the development of these applications in relation to
the Convention on Biological Diversity.

Additional relevant considerations

150. Beyond the potential impacts to the objectives of the Convention on Biological Diversity, and
potential challenges to risk assessment, risk management and regulation, the use of synthetic biology
in wild organisms in the context of resilience in threatened species could also raise additional relevant
considerations. Some potential points may include:

o Novel vaccine and gene therapy platforms;

¢ Rapid vaccine development;

o Creation of bioweapons;

¢ New pathogenic viruses (e.g., human pathogens);

151. However, it is important to note that viral genome assembly requires significant expertise to
implement the required workflow and DNA synthesis companies have implemented a Harmonized
Screening Protocol to voluntarily screen all orders in alignment with guidance from the US
Department of Health and Human Services. While there is not a single DNA screening algorithm
used by all IGSC members, DNA-screening software typically aligns a query sequence and 200 bp
sub-sequences to a reference database of biological toxins and select agent genomes, genes, or
proteins as a means of addressing biosecurity concerns associated with the potential misuse of their
products to bypass existing regulatory controls.

Interaction of synthetic biology organisms in the environment and potential for
cumulative effects

152. An increasing number of synthetic biology applications are enabled by new tools and
techniques (e.g., new genome editing technologies), while also being produced due to convergences
between various technological developments and fields. As such, individual impacts from each
intervention could be combined together, leading to potential scale effects due to the numerous
synthetic biology interventions, increased interactions and cumulative effects.

Timeframe

153. Cumulative and scale effects might already be occurring. However, these are expected to
increase as new applications are rapidly developed and approved for release.
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Potential impacts on the objectives of the Convention of Biological Diversity

154. The interaction of synthetic biology organisms in the environment and potential for cumulative
effects is likely to impact the conservation and sustainable use of biological diversity objectives of
the Convention on Biological Diversity.

155. The potential risks and impacts could be synergistic and/or non-linear, such as in the examples
of the effect of large numbers observed in research on invasion ecology and the observations of
cumulative effects from pesticide interventions. More specifically, synthetic biology organisms may
compete with native species in the environment and the behaviour of the organisms out of
containment could be unpredictable. Further, hybridization or mutation may further introduce
adverse effects or reduce genetic diversity.

156. A better understanding of the interaction of synthetic biology organisms on the environment
may facilitate a better understanding of interactions between species, providing insights in how to
better manage and protect ecosystems. Further, there could also be novel conservation efforts, such
as artificial ecosystems and gene banks, created to address damage caused by human activity.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

157. When considering the interaction of synthetic biology organisms in the environment and
potential for cumulative effects, the challenges to risk assessment are likely related to the
unpredictability of these interactions together (e.g., within the organism, between multiple
organisms, hybridization), evolutionary factors and the behaviour of synthetic biology organisms in
the environment, including interactions between multiple synthetic biology applications in the same
environment. Biocontainment measures, such as “kill switches”, may assist in limiting impacts on
biological diversity, but would likely require further research and development.

158. Given this, it would be important to foster interdisciplinary research and collaboration,
including biology, environmental science, sociology, law and ethics, for informing risk assessment
and regulation of synthetic biology applications. Additionally, there also could be a need for
monitoring, particularly for unintended consequences (e.g., due to hybridization and evolution).

Additional relevant considerations

159. Similar to the experience with pesticides, cumulative effects may make the public cautious of
synthetic biology-based interventions.

Transboundary movements and relation to detection and identification of synthetic
biology organisms, parts and products

160. Ensuring the safe movement and detection and identification of the applications of synthetic
biology could be important to prevent both unintended and illegal transboundary movements, as well
as promote a positive public perception of the applications of synthetic biology. Thus, due to this
importance, further work in the field of detection and identification of synthetic biology organisms
and increased capacity-building is crucial.

161. Specific examples of applications that have a higher risk for unintentional transboundary
movements, include those designed to spread (e.g., engineered gene drives).

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

162. In terms of regulation of synthetic biology applications that are considered to be LMOs,
provisions exist in the Cartagena Protocol on Biosafety to manage transboundary movements.
Further certain regional approaches, such as the Integrated Vector Management Platform in West
Africa, support decision-making in a regional context by supporting the development of joint-
guidelines for evaluating requests and capacity-building initiatives for vector control in the region.
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163. Regarding the availability of tools for detection identification and monitoring of the
applications of synthetic biology, establishing validated methods for detection and identification that
can be used in very different organisms, appropriate identifiers, sampling strategies and detection
limits are areas that may require further research and development. Establishing expert centres,
improving access to information and investing in laboratory infrastructure may be able to address
some of the needs with respect to detection and identification.

Increased field testing of synthetic biology applications, including in areas outside the
national jurisdiction of the developer or funder

164. Field testing of synthetic biology applications is a precondition for wider release of these
applications in the environment and following an extensive development phase in contained
laboratory facilities. These trials are used to collect additional data and evaluating efficacy of the
application outside contained conditions. Due to the transformative nature of synthetic biology, some
applications aimed at addressing pressing issues in developing countries, field testing may occur
outside the jurisdiction of the developer. However, field trials should be conducted in accordance
with national legislation of a particular country and not related to the nationality of the developer.

Timeframe

165. Field trials for applications of synthetic biology were ongoing and likely to increase in number
within the next 5 years.

Potential impacts on the objectives of the Convention of Biological Diversity

166. Field testing contributes to the conservation and sustainable use objectives of the Convention
on Biological Diversity by generating information on potential impacts and ensuring biosafety risks
can be appropriately managed. When field trials are conducted in areas where there is insufficient
regulation or rule of law, biosafety risks may not be properly managed. Thus, in these cases, there
could be a potential for negative impacts on biological diversity.

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

167. The major challenges to risk assessment and regulation would come from situations where
field trials are conducted in areas where there is insufficient regulation or rule of law. In these cases,
there is a greater potential for transboundary movements of synthetic biology applications. However,
in situations where there are regulations, field testing would be conducted in accordance with national
legislation.

Dual-use nature and biosecurity implications of synthetic biology

168. As the relevant technology becomes cheaper and more accessible, the potential for misuse or
abuse of the technology could increase and warrant greater attention than before, especially when
regulation might be missing, such as in the case for in many countries.

169. Applications based on microorganisms, such as synthetic biology bacteria and viruses, have a
higher dual-use risk than those higher-level organisms, such as plants, animals. A bioterrorist would
likely be more interested in creating novel pathogens for the organisms of interest. Thus, for certain
applications deployed in animals and plants, such as engineered gene drives, short reproductive cycle
would be required to have rapid effects.

170. The mis-use to dual-use of applications could have impacts on Targets 13 (Increase the Sharing
of Benefits From Genetic Resources, Digital Sequence Information and Traditional Knowledge) and
17 (Strengthen Biosafety and Distribute the Benefits of Biotechnology) of the Kunming-Montreal
Global Biodiversity Framework.
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Timeframe

171. The timeframe for these impacts can vary widely, from immediate to years or decades,
depending on specific applications, regulations and scientific advancements. Efforts are ongoing to
address biosecurity concerns, requiring ongoing monitoring and policy adaptation. However,
potential impacts may be realized within 5 to 10 year time period.

Potential impacts on the objectives of the Convention of Biological Diversity

172. The applications of synthetic biology could have both positive and negative impacts on the
objectives of the Convention on Biological Diversity.

173. Some potential positive impacts on the conversation of biological diversity include:

¢ Tools to enhance our understanding of biodiversity and aid conservation efforts;

Techniques to preserve and analyze genetic diversity of endangered species;

Ecosystem restoration (e.g., de-extinction initiatives);

Reduced resource use and support for sustainable agriculture (e.g., engineered crops);

Reduced reliance on fossil fuels through the use of biofuels; and
o Facilitation of bioprospecting and benefit-sharing agreements.

174. Some potential negative impacts on the conversation of biological diversity include:
o Accidental release of engineered organisms that cause adverse ecological impacts;
o Exploitation of genetic resources without benefit-sharing; and
¢ Unintended consequences (e.g., development of novel pathogens).

Potential gaps to risk assessment, risk management and regulation, and availability of tools for
detection, identification and monitoring

175. There could be a need to further consider the relationship between the dual-use of synthetic
biology applications and existing international agreements, such as the Biological and Toxin
Weapons Convention. Further, risk assessment models may not be fit to assess the risk resulting from
mis-use of synthetic biology technologies. In addition, there could be challenges for some countries
to monitor for such developments or uses.

Additional relevant considerations

176. The main consideration related to the dual-use nature of synthetic biology relates to misuse
and bioterrorism due to a greater access enabling tools and technologies. However, other additional
relevant considerations may also include:

o Expedited development of medicines and vaccines;

Disputes over ownership and control over genetic resources if genetic information is
synthesized or manipulated,

Commercialization of genetic resources;

Ethics (e.g., human intervention in nature);

Public perception of synthetic biology; and

Displacement of traditional industries and small-scale farmers.
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