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New and Emerging Issues for Applications of Synthetic Biology 

A horizon scan of recent literature identified key developments in synthetic biology with the potential to 

introduce new environmental risks.  While existing risk assessment and risk management frameworks 

may broadly encompass new and emerging issues, variability between jurisdictions in their risk 

tolerance and precautionary approaches to novel technologies merits discussion and cooperation 

between stakeholders.1  

The applications include synthetic constructions to express specific metabolic pathways for resilience or 

metabolite production, genome editing to enhance or remove specific traits, and gene drives to 

propagate genetic changes throughout a population with the goal of inhibiting reproduction or disease 

transmission.  

The field of digital sequence information underpins the above-mentioned applications by harnessing 

bioinformatics to develop modification strategies. Digital sequences in and of themselves were not 

identified as posing direct environmental risks, but the decoupling of genetic information from biological 

materials represents an avenue for transboundary movement of genetic information and potential 

regulatory circumvention.1,2 

With each modification strategy, there are concerns for unintended interactions with negative 

consequences for native species and biological diversity. Release of engineered organisms from 

laboratories or field trials or horizontal gene transfer of engineered traits in wild populations could 

affect natural competition and shift population ecology.1  

Release is of particular concern for gene drives, whose velocity and extent of propagation may be 

unpredictable and uncontrollable. Containment strategies to reduce escape including toxin-producing 

safeguards, minimal genomes, auxotrophy, and engineered addiction can be designed as multilayered 

approaches.3 Introducing adaptive traits could have cascading negative effects on complex ecological 

interactions. Unintended release to the environment could result in changes to or depletion of 

resources, competition with native species, and pathogenicity or toxicity.4  

Escape detection using signaling and sensing with targeted antimicrobial secretion can provide 

mitigation to some concerns from uncontrolled release.3 Risk assessment should consider potential 

irreversible propagation with lack of detection and traceability tools, weighed against potential 

benefits.5 For example, the introduction of synthetic soil microbiome inoculants in reforestation for 

reduced fertilizer inputs and improved environmental tolerance should be weighed against expansion 

and disruption of natural ecosystems, or the potential for unintended interactions or spread of modified  

monoculture traits into the surrounding environment.6  

Regulation should focus on the products themselves rather than the processes used to create them.7 

Assessing new products may require defining additional pathways and identifying new risk assessment 

endpoints.2 To assess and manage these potential risks, jurisdictions can develop specific risk 

assessment guidance, define what constitutes harm with specific criteria, and ensure a dynamic 

approach between risk assessment (pre-release modeling) and management (post-release monitoring).5 



 
Using a phased, modular approach to regulatory authorizations could fit product development phases to 

regulatory steps.5  

Risk assessment should weigh potential risks against potential benefits including non-action and 

alternative approaches.5 Advanced ecological and evolutionary modeling is required to anticipate 

consequences, but uncertainties will remain.8 Biosafety and biosecurity concerns will broaden as 

development in these fields continues, and there is the potential to overwhelm risk assessment 

regulatory programs.9 Periodic iterative reexamination of the results of foresight / horizon scanning 

exercises as developments in synthetic biology progress will increase their utility.10 

 

 

1 Rabitz et al (2020) Emerging Technologies in Biodiversity Governance: Gaps and Opportunities for 

Action 

2 Keiper and Atanassova (2020) Regulation of Synthetic Biology: Developments Under the Convention 

on Biological Diversity and Its Protocols 

3 Ke et al (2021) Microbiome Engineering: Synthetic Biology of Plant-Associated Microbiomes in 

Sustainable Agriculture 

4 Hewett et al (2016) Human health and environmental risks posed by synthetic biology R&D for energy 

applications: a literature analysis 

5 Devos et al (2022) Risk management recommendations for environmental releases of gene drive 

modified insects 

6 Sutherland et al (2023) A global biological conservation horizon scan of issues for 2023 

7 Karoui et al (2019) Future Trends in Synthetic Biology—A Report 

8 Coleman and Goold (2019) Harnessing synthetic biology for kelp forest conservation 

9 Wang and Zhang (2019) Synthetic biology: Recent progress, biosafety and biosecurity concerns, and 

possible solutions 

10 Nelson et al (2021) Foresight in Synthetic Biology and Biotechnology Threats 

 

General synthetic biology reviews 

Synthetic biology 2020–2030: six commercially-available products that are changing our world | Nature 

Communications 

Synthetic biology: a new frontier in food production - ScienceDirect 

Plant synthetic biology innovations for biofuels and bioproducts: Trends in Biotechnology (cell.com) 

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41467-020-20122-2&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Keouai6giE01RrGsNGadydX8z%2Fj69BW%2FnidK57GYNY8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41467-020-20122-2&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Keouai6giE01RrGsNGadydX8z%2Fj69BW%2FnidK57GYNY8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0167779922000026&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=26hv%2BQ5nG0FkobBqJ3VlylZ%2FXlty1rt%2F4MKVQHwODE0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Ffulltext%2FS0167-7799(22)00241-4%3Fdgcid%3Draven_jbs_aip_email&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=NxkIBojNzawrDN7WkgAMJQ%2FdalKpwz9lra9MEE6Fuw0%3D&reserved=0


 
Synthetic biology landscape and community in Germany - ScienceDirect 

Synthetic chromosomes, genomes, viruses, and cells (Venter et al., 2022) 

Controlling the Implementation of Transgenic Microbes: Are We Ready for What Synthetic Biology Has 

to Offer? (Stirling and Silver, 2021) 

Biotechnology for secure biocontainment designs in an emerging bioeconomy (Arnolds et al., 2021) 

 

Genome editing 

Frontiers | The application of CRISPR /Cas mediated gene editing in synthetic biology: Challenges and 

optimizations (frontiersin.org) 

Synthetic Biology and Genome-Editing Tools for Improving PHA Metabolic Engineering: Trends in 

Biotechnology (cell.com) 

CRISPR technology: A decade of genome editing is only the beginning | Science 

Harnessing synthetic biology to engineer organoids and tissues - ScienceDirect 

Enabling technology and core theory of synthetic biology | SpringerLink 

Unlocking the magic in mycelium: Using synthetic biology to optimize filamentous fungi for 

biomanufacturing and sustainability - ScienceDirect 

 

Metabolic engineering 

Role of Metabolic Engineering and Synthetic Biology in the Development of Microbes for Biofuel 

Production | SpringerLink 

Metabolic engineering and synthetic biology of plant natural products – A minireview - ScienceDirect 

Systems biology, synthetic biology, and metabolic engineering - ScienceDirect 

De novo biosynthesis of berberine and halogenated benzylisoquinoline alkaloids in Saccharomyces 

cerevisiae | Communications Chemistry (nature.com) 

Metabolic engineering for sustainability and health - ScienceDirect 

Leveraging synthetic biology and metabolic engineering to overcome obstacles in plant pathway 

elucidation - ScienceDirect 

 

Genome recoding 

Synthetic Genome Recoding: New genetic codes for new features (nih.gov) 

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS2665906921000179&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=4blScrq0XrSQOvBtUhmYE0OWdLUK%2BwRge1QTzFL0Hi0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F35868275%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=QP5PueadUyj5Bb0Da8BYdnh8t7f9Qplnw%2B1g0pwmNos%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F32442504%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=dB6r1o9Ek3zFcDdwOglG%2B9aOZ0gVT3uRysS%2Bp1zrWVU%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F32442504%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=dB6r1o9Ek3zFcDdwOglG%2B9aOZ0gVT3uRysS%2Bp1zrWVU%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34091124%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=WQiqsr48sbapi71zXpae6NK156xmafKpDJIRfshUZt0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.frontiersin.org%2Farticles%2F10.3389%2Ffbioe.2022.890155%2Ffull&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=0VzJ%2F5oBPrxHFYkO2tAJ5pulIRKwOsMM8hmMUv%2FQeY8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.frontiersin.org%2Farticles%2F10.3389%2Ffbioe.2022.890155%2Ffull&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=0VzJ%2F5oBPrxHFYkO2tAJ5pulIRKwOsMM8hmMUv%2FQeY8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Ffulltext%2FS0167-7799(19)30244-6&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=KOVnIU7tYx0ORmhmjVZGc3u%2BvRtShCZbr5ZrEVaCcu0%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.cell.com%2Ftrends%2Fbiotechnology%2Ffulltext%2FS0167-7799(19)30244-6&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=KOVnIU7tYx0ORmhmjVZGc3u%2BvRtShCZbr5ZrEVaCcu0%3D&reserved=0
https://www.science.org/doi/full/10.1126/science.add8643
https://www.sciencedirect.com/science/article/abs/pii/S1934590922004970
https://link.springer.com/article/10.1007/s11427-022-2214-2
https://www.sciencedirect.com/science/article/pii/S2590006423000200
https://www.sciencedirect.com/science/article/pii/S2590006423000200
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-3852-7_9&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3P03KZ1TcBs0Lv8PsMjFDYmxuL3cQOt19KXUbj7FZPQ%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-16-3852-7_9&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=3P03KZ1TcBs0Lv8PsMjFDYmxuL3cQOt19KXUbj7FZPQ%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS221466282030044X&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=xOHr40FIs%2Fzz%2BRi%2F8n9wWtT%2BRq55bQ2PiZvfYdwyqVk%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FB9780128217535000010&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=bcvrkRalmgwPVGPfUUPBnNaOezp7dQ5nKOa3%2BQdQshQ%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs42004-023-00821-9&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=rQ9MpKRC3hmeegPXnMH8P26%2FeVSeOs2VhxBmUWrjAx8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs42004-023-00821-9&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=rQ9MpKRC3hmeegPXnMH8P26%2FeVSeOs2VhxBmUWrjAx8%3D&reserved=0
https://www.sciencedirect.com/science/article/pii/S0167779922003420
https://www.sciencedirect.com/science/article/pii/S1369526622001595
https://www.sciencedirect.com/science/article/pii/S1369526622001595
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Farticles%2FPMC5849531%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186176444%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=poYO4ZUz3OcyKzJZdJlNxqlVkUrX08KaRSUH94P2kV0%3D&reserved=0


 
Synonymous genome recoding: a tool to explore microbial biology and new therapeutic strategies | 

Nucleic Acids Research | Oxford Academic (oup.com) 

With 'recoded' synthetic genome, scientists give life new dictionary - STAT (statnews.com) 

Development of safe and highly protective live-attenuated SARS-CoV-2 vaccine candidates by genome 

recoding (Trimpert et al., 2021) 

 

Artificial Cells 

Bottom-Up Synthesis of Artificial Cells: Recent Highlights and Future Challenges( Ivanov et al., 2021) 

Interfacing Living and Synthetic Cells as an Emerging Frontier in Synthetic Biology (Yuval Elani 2021) 

Vesicle-based artificial cells: materials, construction methods and applications. (Lu Y et al., 2022) 

 

Gene drive 

Gene drives gaining speed (Ethan Bier 2022) 

 

Base editing technology 

A novel base editor SpRY-ABE8eF148A mediates efficient A-to-G base editing with a reduced off-target 

effect. (Li G et al., 2022) 

PhieABEs: a PAM-less/free high-efficiency adenine base editor toolbox with wide target scope in plants 

(Tan J et al., 2022)  

 

Artificial intelligence (AI) and machine learning (ML) in Synthetic Biology 

Perspectives for self-driving labs in synthetic biology (Martin et al., 2023) 

Metabolomics and modelling approaches for systems metabolic engineering (Khanijou et al., 2022) 

 

Cybergenetic identification 

Recent advances, opportunities and challenges in cybergenetic identification and control of 

biomolecular networks (Caringella et al., 2023) 

Cybergenetic control of microbial community composition. (Lee TA, Steel H.  2022) 

Dynamic cybergenetic control of bacterial co-culture composition via optogenetic feedback (Mena et al., 

2022) 

https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Facademic.oup.com%2Fnar%2Farticle%2F47%2F20%2F10506%2F5580912%3Flogin%3Dtrue&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7%2FZHFIWb1fb4%2Bofdv%2Be8zFTY2pL699lBX8ujRALy%2BQ4%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Facademic.oup.com%2Fnar%2Farticle%2F47%2F20%2F10506%2F5580912%3Flogin%3Dtrue&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=7%2FZHFIWb1fb4%2Bofdv%2Be8zFTY2pL699lBX8ujRALy%2BQ4%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.statnews.com%2F2019%2F05%2F15%2Frecoded-bacteria-genome-made-from-scratch%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=cXBnpi5B4p7RSU86kwrV5oyk1Gt7xoQJ8QU2tXZJph8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34320400%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=r%2FNvKu7ZeLJOy0FTyLgwCcoejI9Bp9NIZE5u7lxw%2FAw%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34320400%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=r%2FNvKu7ZeLJOy0FTyLgwCcoejI9Bp9NIZE5u7lxw%2FAw%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34097845%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=qTZhVm2UK3Zafzn8Z813P%2FUE841%2FO9y2LB6ek%2F5i9Ew%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F32909663%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=hfKa1jp6m5MlbJWpnCDWMDiTef2bhl8LY19LOfe3YhA%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34908080%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=CC6XI0cHHZYSpzGPyDLfBZ9rwwFdVetZOiF2tY4pOLg%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34363067%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=jGi2l%2BnRh7L7m3PsnvHoKpebfwcuyHrwkQCSR1YnIJM%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F%3Fterm%3DBier%2BE%26cauthor_id%3D34363067&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=XRlymEdd0NQJ%2B5znh0dXaP44mHCTLAhEzL6Ee9kYdwo%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F36618266%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=f1wvEFQkN0A4xQ1OI%2BtYEUp0uLrD4iSZU7x%2Fv90lwlM%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F36618266%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=f1wvEFQkN0A4xQ1OI%2BtYEUp0uLrD4iSZU7x%2Fv90lwlM%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F34984801%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=HdyXIWZ4sVS3%2F5yPZ7DG9V6yp%2BJ5P4dTQH%2F%2Fzhupot8%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0958166922002154&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=PX7sJq74dAmf6OydGhF8hLm2tT5%2F%2F6UBGWdEtJan4W4%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fhal.science%2Fhal-03885039v1%2Fpreview%2Fmetabolic_engineering_communications.pdf&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=OqMADM%2BD9E2iW4yfcKMBiSebSovBSGP189dpH9l6Tdk%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0958166923000034&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=PDuUyRGvm5drS6O1DSsAXcZ2FGRDO2UV0%2FEwQ0EIwsI%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Farticle%2Fpii%2FS0958166923000034&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=PDuUyRGvm5drS6O1DSsAXcZ2FGRDO2UV0%2FEwQ0EIwsI%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fpubmed.ncbi.nlm.nih.gov%2F36277404%2F&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=vF0NUrYeR2F6Au5%2BSo1tqKsGzmFj6SmN%2F69KPjaQYxo%3D&reserved=0
https://can01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fwww.nature.com%2Farticles%2Fs41467-022-32392-z&data=05%7C01%7Cmackenzie.lowe%40hc-sc.gc.ca%7C6c07000b4b9246f458ca08db0f81c12a%7C42fd9015de4d4223a368baeacab48927%7C0%7C0%7C638120822186332674%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=vxaNtgwELo7kcuR8b%2Fas%2BFqKnZEoMAFIJSZvHGFwTbo%3D&reserved=0


 
 

GM viruses for F&DA biologics 

Synthetic and systems biology principles in the design of programmable oncolytic virus 

immunotherapies for glioblastoma (Monie et al., 2021) 

Synthetic biology in the clinic: engineering vaccines, diagnostics, and therapeutics (Tan et al., 2021) 

Combating Infectious Diseases with Synthetic Biology (Khan et al., 2022) 

Synthetic Biology Design as a Paradigm Shift toward Manufacturing Affordable Adeno-Associated Virus 

Gene Therapies (Collins et al., 2023) 

 

Trends and industrial applications of synthetic biology 

Future Trends in Synthetic Biology—A Report (El Karoui et al 2019) 

Trends in Synthetic Biology Applications, Tools, Industry, and Oversight and Their Security Implications 

(Carter and Warner 2018) 

 

Advanced materials for industrial application 

A living foundry for Synthetic Biological Materials: A synthetic biology roadmap to new advanced 

materials (Le Feuvre and Scrutton 2018) 

Developing synthetic biology for industrial biotechnology applications (Clarke and Kitney 2020) 

Synthetic biology: applications come of age (Khalil and Collins 2010) 

Applications, challenges, and needs for employing synthetic biology beyond the lab (Brooks and Alper 

2021) 

 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8193210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8193210/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7897318/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8895449/
https://pubs.acs.org/doi/10.1021/acssynbio.2c00589
https://pubs.acs.org/doi/10.1021/acssynbio.2c00589
https://www.frontiersin.org/articles/10.3389/fbioe.2019.00175/full
https://www.liebertpub.com/doi/10.1089/hs.2018.0067?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5995479/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7054743/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2896386/
https://www.nature.com/articles/s41467-021-21740-0

