[image: image1]Current landscape and future directions of synthetic biology in South America

		REVIEW
published: 10 February 2023
doi: 10.3389/fbioe.2023.1069628


[image: image2]
Current landscape and future directions of synthetic biology in South America
E. Sebastian Gomez-Hinostroza1†, Nicolás Gurdo2†, María Victoria Gracia Alvan Vargas2, Pablo I. Nikel2, María-Eugenia Guazzaroni3, Linda P. Guaman4, David J. Castillo Cornejo5, Raúl Platero6 and Carlos Barba-Ostria7,8*
1Laboratorio de Investigación en Citogenética y Biomoléculas de Anfibios (LICBA), Centro de Investigación para la Salud en América Latina (CISeAL), Pontificia Universidad Católica del Ecuador, Quito, Ecuador
2The Novo Nordisk Foundation Center for Biosustainability, Technical University of Denmark, Kgs Lyngby, Denmark
3Department of Biology, FFCLRP, University of São Paulo, Ribeirão Preto, Brazil
4Centro de Investigación Biomédica (CENBIO), Facultad de Ciencias de la Salud Eugenio Espejo, Universidad UTE, Quito, Ecuador
5Glyxon Biolabs, Mexico City, Coyoacán, Mexico
6Laboratorio de Microbiología Ambiental, Departamento de Bioquímica y Genómica Microbianas, Instituto de Investigaciones Biológicas Clemente Estable, Montevideo, Uruguay
7Escuela de Medicina, Colegio de Ciencias de la Salud Quito, Universidad San Francisco de Quito USFQ, Quito, Ecuador
8Instituto de Microbiología, Universidad San Francisco de Quito USFQ, Quito, Ecuador
Edited by:
Pablo Carbonell, Universitat Politècnica de València, Spain
Reviewed by:
Leonardo Rios Solis, Newcastle University, United Kingdom
Alejandro Vignoni, Universitat Politècnica de València, Spain
* Correspondence: Carlos Barba-Ostria, cbarbao@usfq.edu.ec
Specialty section: This article was submitted to Synthetic Biology, a section of the journal Frontiers in Bioengineering and Biotechnology
†These authors share first authorship
Received: 14 October 2022
Accepted: 30 January 2023
Published: 10 February 2023
Citation: Gomez-Hinostroza ES, Gurdo N, Alvan Vargas MVG, Nikel PI, Guazzaroni M-E, Guaman LP, Castillo Cornejo DJ, Platero R and Barba-Ostria C (2023) Current landscape and future directions of synthetic biology in South America. Front. Bioeng. Biotechnol. 11:1069628. doi: 10.3389/fbioe.2023.1069628

Synthetic biology (SynBio) is a rapidly advancing multidisciplinary field in which South American countries such as Chile, Argentina, and Brazil have made notable contributions and have established leadership positions in the region. In recent years, efforts have strengthened SynBio in the rest of the countries, and although progress is significant, growth has not matched that of the aforementioned countries. Initiatives such as iGEM and TECNOx have introduced students and researchers from various countries to the foundations of SynBio. Several factors have hindered progress in the field, including scarce funding from both public and private sources for synthetic biology projects, an underdeveloped biotech industry, and a lack of policies to promote bio-innovation. However, open science initiatives such as the DIY movement and OSHW have helped to alleviate some of these challenges. Similarly, the abundance of natural resources and biodiversity make South America an attractive location to invest in and develop SynBio projects.
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1 INTRODUCTION
Synthetic biology (SynBio) is a multidisciplinary field that expanded enormously in the early 2000s by combining approaches, concepts, and tools of biology and engineering towards understanding, redesigning, and reprogramming biological systems in a controllable and predictable fashion, or even creating new-to-nature biological systems (Heinemann and Panke, 2006; Haseloff and Ajioka, 2009; Cameron et al., 2014). Among the pioneering studies within the domain of modern SynBio, two articles stand up, and they describe the construction of synthetic circuits from a similar set of parts (e.g., inducible promoter parts) for controlling the expression of the green fluorescent protein (GFP) gene in the model Gram-negative bacterium Escherichia coli (Elowitz and Leibler, 2000; Gardner et al., 2000). Since then, many other gene circuits, biological parts, model organisms, non-conventional cell factories, and approaches have been incorporated into the ever-growing SynBio agenda, mediating its transition towards a fully established (and still developing) discipline of scientific research and technological development.
Given that research in engineering and biological sciences has historically been led by universities and research centers in the United States, the United Kingdom, and other developed countries, it does not come as a surprise that the first SynBio-focused research groups emerged in those countries (Cameron et al., 2014). However, researchers from other regions, including South America, gradually joined the top SynBio laboratories worldwide (Bowen et al., 2016). After completing their training at different levels (either as Ph.D. students or postdoctoral researchers), some returned to establish their research groups in different South American countries, which marked the beginning of SynBio in the region (Nadra et al., 2020). In this regard, South America is a geographically vast and diverse region with countries known for staying at the forefront of discoveries and global scientific trends, e.g., Argentina, Chile, and Brazil. SynBio research groups had been established in these countries, mainly at the University of Buenos Aires, Pontificia Universidad Católica de Chile, and the University of São Paulo (Amores et al., 2015; Amarelle et al., 2019; Monteiro et al., 2020), respectively. Research teams from these institutions have published numerous articles developing new tools and methods for SynBio (Barone et al., 2017; Amarelle et al., 2019; de Siqueira et al., 2020).
Furthermore, Argentina, Brazil, and Chile have successfully established startup companies using SynBio tools. Alas, the reduced public investment in science, technology, and innovation and the highly bureaucratic and regulatory constraints of other countries in the region (e.g., Ecuador or Peru) have slowed scientific progress (Torres and Santos-Ordóñez, 2020).
Finally, South America offers a wide variety of natural resources that can be exploited through SynBio to push forward local bioeconomies1. The region has enormous potential for biomass production -extensive arable lands and suitable soils-which allows the development of several production chains across the countries. In the same direction, as part of the activities carried out in the primary sector (mainly agriculture and livestock), a large amount of waste biomass is generated that can be used as low-cost carbon sources to produce high-added value compounds2 (Vargas-García et al., 2021; OECD and FAO 2022). In the last 2 decades, a substantial increase in the market volume was is observed in the beforementioned strategic areas3,4. It is worth mentioning that areas such as biorefineries, agriculture, food and beverage production as well as active pharmaceutical ingredients (API) represent the major source of opportunities in the region (Niosi et al., 2013; Sasson and Malpica 2018; Keasling et al., 2021). Another aspect to take into account is the presence of a deep dichotomy between primary commodity-producing sectors and manufacturing industries. While the first is widely predominant, an expansion in technical and more advanced industrial capabilities are needed in order to capitalize the efforts into a greener bioeconomy (Mealy and Teytelboym 2022). SynBio can play an important role to strengthen the link between the primary sector and producing companies in the upcoming years.
2 CURRENT LANDSCAPE OF SYNBIO IN SOUTH AMERICA
2.1 iGEM, TECNOx, and other regional integration initiatives
Significant efforts have been devoted across the region toward boosting the development of SynBio activities. One of the most significant impacts of such endeavors, summarized in Figure 1, is the increasing level of participation of teams from South American countries in international competitions and events, e.g., the International Genetically Engineered Machine (iGEM), the iGEM design league, and TECNOx. The first-ever participation of a South American team in iGEM was registered in 2006 for a group of young researchers from Colombia5. Since then, teams from Argentina, Brazil, Colombia, Peru, Ecuador, Chile, Bolivia, and Venezuela have participated in iGEM6, or iGEM programs7. iGEM design league, is part of Leagues Program initiatives, enabling Latin American students to learn and apply SynBio by proposing solutions to local problems without needing a physical (and often costly) laboratory. This competition has created novel opportunities to expand SynBio in South America.
[image: Figure 1]FIGURE 1 | Collection of the leading milestones of SynBio globally and in South America.
In the case of Brazil, the iGEM participation showed a significant increase over time. In 2009, a single team represented the country8 while in the 2019 edition (the last one based in Boston, United States, since travel restrictions were put in place due to the COVID-19 pandemic), Brazil was represented by six teams—a record number since the first Brazilian participation in the competence9. Most teams’ projects were directed to solve socially important and locally-relevant problems. Moreover, the teams are often organized in (and supported by) a very enthusiastic local network of researchers, i.e., the Brazilian Association of SynBio, aiming to enhance and spread SynBio information and to connect the private and public spheres. Additionally, Brazilian teams have earned six gold, four silver, and two bronze medals throughout their participation since200910,11,12,13,14.
In Uruguay, efforts have been placed on bringing SynBio concepts to graduate and undergraduate students through the organization and participation in domestic and international courses. Some relevant examples are the Molecular and Cellular Bioengineering course, an undergraduate course dictated annually at the Faculty of Science, UdelaR, that includes a Synthetic Microbiology module15. Furthermore, the Synthetic Microbiology Symposium, organized in 2019, was the first postgraduate course entirely focused on SynBio in Uruguay16. This event was possible thanks to the active collaboration and joint efforts of researchers from the Environmental Microbiology Laboratory, Instituto de Investigaciones Biológicas Clemente Estable, Montevideo, Uruguay; the Systems and Synthetic Biology group, USP-Ribeirão Preto, Brazil; and the Environmental Synthetic Biology Laboratory, Centro Nacional de Biotecnología, Madrid, Spain. In addition to course organization, and reaching a wider audience, SynBio enthusiasts in Uruguay have been organizing plenary lectures and specialized sessions at national congresses since 2015. Examples of these events are the Pan American Society for Biochemistry and Molecular Biology 2015 Plenary lecture, given by Rafael Silva-Rocha from USP-Ribeirão Preto, Brazil, and the Synthetic Microbiology Symposium with the participation of Maria Eugenia Guazzaroni from USP-RIbeirão Preto, Brazil and Belén Calles form CNB, Spain, and the Opening Conference for the Uruguayan Society of Microbiology 2020 with a lecture by Pablo I. Nikel (an Argentinean researcher working as a SynBio group leader at the Technical University of Denmark).
SynBio in Argentina started to gain inertia at the beginning of the last decade. The driving force triggering this development has primarily been the dissemination of basic SynBio concepts in courses like “Introduction to synthetic biology”17. The first version of this pioneering course was held in 2012 at the Faculty of Exact and Natural Sciences (FCEyN), University of Buenos Aires. It has experienced a quantitative leap in the number of attendees ever since. The course focuses on the basics of the SynBio toolbox and its multiple applications. As a direct consequence of such learnings, several Argentinean teams have participated in iGEM competitions. In 2013, the Buenos Aires iGEM team built an arsenic biosensor using Biobricks available in iGEM kits (Barone et al., 2017; Amarelle et al., 2019; de Siqueira et al., 2020). Subsequently, several Argentinian groups were involved in the Latin-American iGEM version or TECNOx18,19,20. This event aims to address regional problems by applying SynBio tools. Even broader participation is expected in the next editions of the event thanks to the increasing interest of graduate students in this field.
Similarly, Chilean participation started in the 2010s with the 2012 UC Chile team and its project Luxilla Biolamp21. Later, there have been lectures about basic SynBio concepts by experts such as Ron Weiss at Adolfo Ibáñez University, to promote SynBio among young undergrad students22. Yet, one of the most important breakthroughs for SynBio development in the Andean country has been the adoption of formal courses about Synthetic Biology and its applications, for both undergrad and graduate students, at Pontificia Universidad Católica de Chile23,24.
Initiatives to welcome and develop SynBio in Peru have been scarce and are still young. Peru has participated in iGEM since 2016 with a team formed by high-school students25. Undergraduate students started participating in 2020 when long-distance attendance was again possible26. Theoretical knowledge of SynBio is also imparted in universities—although practical laboratory experience is virtually absent from most of these courses. Fortunately, the Peruvian government has promoted the dissemination of SynBio by organizing an international seminar in 2020; the scope of this seminar primarily focused on SynBio history, with a significant emphasis on its regulation and possible hazards to Peruvian biodiversity27.
Further North, in Ecuador, the situation has been quite similar. Interest in SynBio started with seminars about iGEM in201428, with the subsequent formation of a SynBio undergraduate research team at ESPE University. Later on, in 2016, the first iGEM group was organized in Ecuador, and it took two extra years to participate in the iGEM Jamboree in Boston for the first time29. Nevertheless, these years of preparation paid off, as the team won a Silver Medal in their first attendance and a Gold Medal plus four awards in 2021 (more than any other team that year)30. Moreover, in 2022 the Ecuadorian Biotech EC team received six awards and a Gold Medal at the regional iGEM Design League31. In addition, SynBio courses have been taught at several Ecuadorian Universities, such as Universidad de las Américas (UDLA), Universidad de las Fuerzas Armadas ESPE, and Universidad Técnica Particular de Loja (UTPL); as well as at other government (Municipality of Quito and INSPI)32,33 and non-government organizations (CEBIO)34.
All the examples mentioned above are compiled in Figure 1, highlighting the importance of regional and international integration for the development of SynBio across South American countries. Figure 1 also demonstrates that countries with a long academic tradition (e.g., Colombia, Argentina, and Brazil) participated earlier at iGEM Jamborees. Additionally, as discussed in the next section, these countries have a higher impact on the SynBio setting in the region. In Table 1 the main awards and achievements of South American teams have been summarized.
TABLE 1 | Awards and medals given to South American iGEM teams at Jamborees.
[image: Table 1]In the last decade, TecnoX, initially organized by former postdoctoral researchers Alejandro Nadra and Ignacio Sanchez at the University of Buenos Aires, Argentina, has been the seeding movement in South America that emulated the MIT iGEM competition but centered on local problems instead of replicating a top to bottom approach. TecnoX promotes the adoption of novel technologies to solve the region’s social problems (Nadra et al., 2020). Some of the projects achieved through past TecnoX editions include the development of a kit for detecting hemolytic uremic syndrome; creating a mapping app for avoiding energy shortages; an electronic sensor for detecting mercury in food and water; the design of a sensor for detecting melatonin deficiency; a low-cost sensor for the detection of dengue and hemorrhagic fever, among many others35. TecnoX is probably one of the most visionary initiatives in the continent to gather biotechnology students devoted to bringing forward immediate solutions to endemic challenges in the region. TecnoX is oriented to graduate students who will commit to developing a SynBio project for a few weeks (Nadra et al., 2020). Thus, participants outside academic organizations will find it challenging to engage in SynBio projects if they are not pursuing a degree.
2.2 SynBio in academic/research institutions
Building an economy centered on biotechnology, agriculture, and biodiversity (fueled by SynBio) will make it possible to replace products currently obtained from fossil sources with their bio-based counterparts (Head and Gray, 2016; Arun et al., 2021). Thus, searching, isolating, and developing new microorganisms (and the associated biochemical processes) to obtain products of interest is essential to establishing sustainable industrial processes. In this context, the concept of bioeconomy, which refers to the replacement of non-renewable raw materials with sustainable biological resources in industrial processes (Bugge et al., 2016; Töller et al., 2021), is increasingly relevant within the field. It has been a guiding factor for industrial activity not only for promoting sustainability but also for the enormous economic potential it presents: for example, it is estimated that by 2030 the bioeconomy will account for more than 7% of the market value in the United States (Guo and Song, 2019). Furthermore, according to data from the Organization for Economic Cooperation and Development (OECD), the bioeconomy mobilizes immense capital flows (around 2 trillion Euros) on the world market and generates around 22 million jobs, with an estimated creation of 1 million new jobs by 2030 in Europe36. Thus, it is not surprising that governments and industrial entities have been promoting technological development in emerging disciplines, such as SynBio, to consolidate the bioeconomy (Flores Bueso and Tangney, 2017; Wei et al., 2022).
Following this trend, in 2013, the national confederation of Brazilian industry (CNI) released the report “Bioeconomy: an agenda for Brazil”, in which an analysis of the bioeconomy in the Brazilian scenario was carried out in order to identify obstacles and opportunities for the increase in national competitiveness37. Hence, the development of the bioeconomy represents a promising opportunity for Brazil (extensible to Latin America), as a country with a large arable area, developed agriculture, a successful experience in biofuels, and high availability of biodiversity38. Estimated that the bioeconomy represented US$286 billion in 2016—approximately 14% of Brazil’s GDP.
Considering the foregoing and recognizing that combining SynBio approaches with the enormous Brazilian natural wealth would enhance the arising of new bioproducts, and funding agencies and research institutions provided essential resources aiming to encourage SynBio projects in academia and business39. Thus, although efforts were directed to consolidate investments in infrastructure (such as the SENAI Innovation Institute for Biosynthetic) and qualification of human resources, there is still a limitation in the latter. Most of the scientific community is still limited to basic projects, nucleated in iGEM projects with the active participation of predominantly undergraduate students. Although some companies (mainly startups) in Brazil have been working on projects related to SynBio, they have not yet validated their potential in the market or assembled world-class SynBio teams.
Still, a few research groups produce relevant SynBio studies that significantly impact the international scientific community. Brazil’s primary SynBio research node is hosted at the University of São Paulo (USP) at Ribeirão Preto. The origin of this hub is related to the completion of Rafael Silva-Rocha’s doctorate in Victor de Lorenzo’s group (Madrid, Spain), a European pioneer group. For example, Silva-Rocha’s group (FMRP-USP) has established computational tools based on genetic algorithms for the design of complex synthetic promoters in bacteria that display new-to-nature regulatory control at the promoter (Guazzaroni and Silva-Rocha, 2014; Amores et al., 2015) or protein level (Monteiro et al., 2020). These works, and others characterizing complex promoters, have revealed a lack of information on the process of combinatorial regulation at the promoter level in bacteria (Monteiro et al., 2018; Monteiro et al., 2020; Sanches-Medeiros et al., 2018).
Similarly, Guazzaroni’s group at the FFCLRP-USP has been developing novel experimental approaches for mining building blocks by applying concepts in the interface of SynBio and metagenomics (Westmann et al., 2018; Amarelle et al., 2019; Nora et al., 2022). Also, SynBio approaches were used to engineer enhanced acidic resistance in Escherichia coli by characterizing a collection of unique synthetic circuits (de Siqueira et al., 2020). The latter study was emphasized in the “Research Highlights–Synthetic Biology” section of Nature Chemical Biology (Deane, 2020). It is worth noting that both groups (Silva-Rocha and Guazzaroni) jointly organized the I, II, and III Workshop on Systems Microbiology and Synthetic Biology, international events held at USP in 2015, 2017, and 2019, with the participation of renowned national and international speakers (i.e., researchers from the University of Edinburgh-Scotland, Instituto Clemente Estable from Montevideo-Uruguay and the University of Cambridge-England).
Argentina is on its way to consolidate a central pillar: the bioeconomy40. In alignment with Brazil, Argentina is focusing on establishing a strong foundation in the bioeconomy. In order to bolster this scientific framework, Argentina allocates 0.2%–0.4% of its GDP, with 80% of these funds allocated to the fields of Engineering, Agriculture, Material Science, Biology, Health, and Natural Science41. These areas are crucial in the advancement of disciplines such as SynBio. Currently, Argentina is in the preparatory stage of further developing SynBio, as there is significant potential for the exploitation of SynBio projects within the country.
In the last 20 years in Argentina, significant advances have been achieved in sustainable development, research, and innovation–including several niches across the different productive areas (mostly biotechnology, agriculture, and biomaterials)42. Since then, many initiatives have focused on promoting knowledge-based areas and generating added value in the extensive productive supply chain. This policy is being implemented, and it is aligned with a techno-productive development model towards203043. Another critical aspect and relevant fact pushing this transition forward include the collaboration between public and private sector entities in many multidisciplinary projects. This continuous interaction created an innovation hub of Argentinian startups and strengthened the existing enterprises and institutions that paved the way to a greener society44.
SynBio research in Argentinian academic institutions is slowly gaining momentum with the support of research groups, such as the one led by Alejandro Colman-Lerner, Alejandro Nadra at the University of Buenos Aires; Hugo Gramajo, Cristian Suárez as well as Larisa Estefanía Cybulski at the Institute of Cellular and Molecular biology of Rosario-IBR (National University of Rosario). Colman-Lerner’s group explores gene expression systems (Givré et al., 2022), while Nadra’s group focuses on developing biosensors (Barone et al., 2017), and Gramajo’s group in exploring the potential of novel organisms in polyketide and fatty acids biosynthesis (Roulet et al., 2018; Livieri et al., 2019). Currently, the country is following a learning process and becoming familiar with the SynBio tools that are available in the field.
In the last decade, Chile has invested significant public and private resources in science and technology, enabling significant scientific development in the region. During these years, investment in R&D has been stable at a 0.3% of GDP45. An important source of investment is the government-led initiative Fondo de Financiamiento de Centros de Investigación en Áreas Prioritarias (FONDAP), which was created in 1997 and has provided dozens of millions of dollars yearly ever since46,47. Additionally, the Ministry for Planning and Political Economy supported the creation and operation of the Millennium Nucleus Center for Plant Functional Genomics, a lab that specializes in plant systems and synthetic biology48. This investment translated into breakthroughs in, among other areas, SynBio. A Synthetic Biology group at Pontificia Universidad Católica de Chile, led by Fernán Federici, has developed or been involved in novel progress in SynBio, such as DNA assembly tools (Pollak et al., 2020), Cell-Free expression and RNA sensing systems (Arce et al., 2021; Guzman-Chavez et al., 2022), genetic tools for marine protists (Faktorová et al., 2020), improving soil microorganisms for agricultural applications (Zúñiga et al., 2018), and data analysis tools (Yáñez Feliú et al., 2021).
On the other hand, in 1984, Uruguay created the Programa de Desarrollo de Ciencias Básicas (PEDECIBA) to promote the research and education in biology, physics, mathematics, chemistry and geosciences, and basic sciences49. This program together with the creation of the Faculty of Science and other more recent public efforts, such as the National Agency for Investigation and Innovation (ANII), allowed the consolidation of research groups around molecular and structural biology, imageneology, proteomics, computational biology, among others, that represent the basis for the development of SynBio50. More than half of the first-rate scientific research is produced at the Universidad de la República, while the rest is mainly produced at research centers like the Instituto de Investigaciones Biológicas Clemente Estable (IIBCE), Instituto Nacional de Investigaciones Agropecuarias (INIA) and Institut Pasteur de Montevideo (IPMOnt)51. In these institutes, several research groups are dedicated to microbiology, structural biology, molecular biology, biochemistry, molecular modeling, bioinformatics, microscopy, and protein engineering, preparing a fertile field for developing SynBio.
Nevertheless, there is still a reduced and dispersed number of researchers focused on this field. Examples are found in the Faculty of Science where Gonzalo Moratorio explores the use of SynBio to study the experimental evolution of viruses (Moratorio 2020; Pintó et al., 2021), Vanessa Amarelle from IIBCE that of seeks new “regulatory parts” from metagenomic libraries in collaboration with Guazzaroni group at USP Ribeirao Preto (Westmann et al., 2018; Amarelle et al., 2019) and Raúl Platero that participate in the assembly of modular vectors with standard architecture during its postdoc in Victor’s de Lorenzo group in Madrid (Silva-Rocha et al., 2013). A close inspection of funded projects by the Uruguayan Agency for Investigation and Innovation allows us to identify other groups strongly working in SynBio approaches, such as Felipe Trajtemberg groups52 that exploit its experience in structural biology to design new sensing/response devices (Lima et al., 2021). Uruguay has seen a considerable investment of state resources in education (≈4.5% of the gross domestic product, GDP), as well as in research and development (≈0.5% of the GDP)53.
SynBio is making significant contributions to the industry in many world countries. However, Uruguay is far from implementing SynBio approaches in the industry, partly due to the lack of two pillars for bioinnovation: a solid local high-tech industry and a critical mass of researchers dedicated to SynBio among the local scientific community. Based on the comments from Section 2.2, it is expected that in the coming years, a new generation of researchers will establish the basis of a SynBio-based industry in Uruguay.
Similarly, Ecuador has invested resources in developing microbiology, molecular biology, and SynBio technologies. Mainly since 2003, when the Ecuadorian government created the Ecuadorian Corporation for the Development of Research and Academia (CEDIA in Spanish)54. This institution has sponsored scientific projects through direct funding each year. This effort has, nevertheless, been focused mainly on its agricultural sector and conservation (Torres and Santos-Ordóñez, 2020). As well as in other countries with access to the Amazon rainforest, genetic resources from native Ecuadorian species have shown potential for therapeutic and industrial applications (Morocho et al., 2018; Proaño-Bolaños et al., 2019; Sánchez García and Quilumbango Grijalva, 2021). Thus, Ecuadorian genetic diversity is a promising source for bioparts with novel characteristics for synthetic biology.
SynBio research in Ecuador has followed a similar path to Uruguay, with a few institutions conducting SynBio-related research. The Centro de Investigación Biomédica at Universidad UTE (CENBIO-UTE) and the Universidad de las Fuerzas Armadas ESPE (ESPE) are at the forefront of SynBio in Ecuador. For example, in collaboration with researchers of the Instituto de Ciências Biomédicas in USP, researchers at CENBIO, developed novel tools for engineering the non-model Gram-negative bacterium Burkholderia sacchari (Guamán et al., 2018). ESPE has been a critical node for iGEM teams and agrobiotechnology applications. On the educational side, the creation of a master’s degree in Synthetic Biology opens up new opportunities for the training of researchers in the field. Plus, interest in biotech is ever-growing thanks to several universities offering Biotech Engineering or related careers to local students55,56,57,58,59,60.
2.3 SynBio in industry
The development of SynBio in the region is still in its infancy, as there are no consolidated companies that apply this technology to their R&D61. Nevertheless, during the last decade, many startups were created and started to play a pivotal role in the development of industrial SynBio. In the case of Argentina, the Argentine Chamber of Biotechnology (CAB) gathered 67 startups that pursue integrating new biotechnology-based companies with the support and networking of the largest companies in the biotechnology sector62. Among these startups, Inmet - “Ingeniería metabólica” represents a clear example of a biotechnology-based startup that integrates a SynBio platform to design, build and optimize cell factories for multiple purposes. In particular, Inmet uses several SynBio tools and approaches (synthetic promoters, targeted multiplex genome editing systems, precursor supply optimization, and feedback/forward regulation control), and they have established a systematic and iterative workflow that allows an efficient product development process. In addition, Inmet collaborates with key players in biotech to develop and produce high-value compounds such as polyhydroxyalkanoates (PHAs), biodiesel, natural preservatives, biopesticides, and enzymes for the food industry among others63.
In 2019, Syocin was founded as a successful venture-backed startup in California with subsidiary businesses in Argentina. The company specializes in producing protein-based bio-bactericides using a platform that combines in silico, in vitro, and in vivo methods to target various bacteria. This platform also utilized SynBio tools, allowing for versatility in designing the desired biomolecule64. Andes, another startup founded in Chile and now based in California, developed a system for introducing symbiotic bacteria into plant seeds to increase yield65. The company plans to incorporate SynBio into this system to engineer the bacteria and improve host-microbe interactions66. In Ecuador, SilicoChem, a startup spun out of UTPL, focuses on producing omega-3 fatty acids through genetically modified Saccharomyces cerevisiae67.
In South America, biotech accelerators such as Ganesha Lab in Chile and GridX in Argentina have provided support and funding to emerging biotech companies68,69. However, these accelerators do not offer access to research facilities or specialized business training like those found in developed nations, such as IndieBio, StartCodon, Startup + Health, and 37 Angels. The biotech sector in South America still lacks mature venture capital options that can address the diverse needs of biotech startups, including consulting services for regulatory and intellectual property issues and access to equipped technical facilities70. Despite this, these limitations present opportunities for potential investors in the region.
The impact of SynBio on the South American economy has so far been limited, with no major projects utilizing the region’s strengths, such as its commodity market. However, this trend could change if iGEM ideas are developed into market-ready products or services. A list of SynBio startups can be found in Table 2.
TABLE 2 | Examples of South American startups that rely on SynBio.
[image: Table 2]2.4 Citizen and open science
SynBio tools and innovations have impacted art, education, environmental monitoring, and the fashion industry through the D-I-Y (Do it Yourself) movement (Landrain et al., 2013). Members or “biohackers” are usually amateur biologists aiming to develop easy-to-use and affordable techniques or products or teach biology and molecular biology outside academia (Seyfried et al., 2014). Because of this, more and more scientists and people with less or no formal education have learned and applied SynBio, usually in community labs (Bennett et al., 2009; Delgado, 2013). Nevertheless, assembling a DIY laboratory with little to no outside funding represents a significant challenge. Thus, equipment from FabLabs and Open-Source Hardware has filled the void caused by the unaffordability of traditional instruments71.
2.4.1 Open-source hardware and scientific equipment in Latin America
In contrast to highly industrialized economies, Latin American nations chronically lack access to a local surplus of laboratory infrastructure, relying heavily on foreign manufacturers and importing most of their equipment and supplies. Local industries possess limited technical expertise and less incentive to mass manufacture full-length versions of advanced scientific instrumentation72.
In many Latin American countries, the prolonged importation, logistic processing, and associated costs of mass-manufactured equipment impact its availability and practical operability (Thomaz and Mormul, 2014). In addition, further training and post-sales services are often required to start or maintain its operation, delaying the immediate implementation of those technologies. For those reasons, Open-Source Hardware (OSHW) devices could become fundamental allies for accessing scientific instrumentation with more advanced technological features as an alternative to traditional acquisition channels (Nuñez et al., 2017; Bravo-Martinez, 2018). In contrast, patented technologies and devices are usually regarded as “black magic boxes” with sparse personnel adequately trained to operate them and fewer commercial options. This situation poses substantial limitations not solely in their costly operations and imposes a barrier to genuinely gaining widespread technical dexterity and understanding of the technology behind advanced scientific instruments.
OSH does not just represent an economical option that offers further customization, and a rapid distribution process with flexible intellectual property attributes. It also allows additional project integration due to its modularity (Gavras and Kostakis, 2021). Furthermore, the DIY construction process enables its users to experience the technical details by finding training through the assembly process (Ravindran, 2020).
It is common to find commercially available microcontrollers and components enlisted in most of the bill of materials of many OSHW projects: Arduino, RaspberryPi, Adafruit, etc.73. Nevertheless, in an economically diverse and complex region like Latin America, the availability of imported components and consumer electronics mentioned above varies among countries. While more developed nations have large domestic markets for imported microcontrollers (e.g. Chile, Brazil, and Uruguay), in some other countries (Peru, Paraguay, and Argentina), these components could become prohibitively expensive due to complex regulatory requirements, inadequate logistic infrastructure, and chain supply disruption that increase pressure in their trade balances. These scenarios generate demanding taxation and uneven regional pricing74,75,76,77,78,79. Instead, local initiatives have emerged even in states severely affected by unfavorable economies, such as Venezuelan “Pingüino-VE”80. In recent years, local entrepreneurs have emerged to provide locally-assembled equipment and supplies but still have reached a limited market share in the region. In the case of additive manufacturing (3D printing), the most encouraging developments have been led by Brazil (Metamaquina)81. Both countries have embraced entrepreneurship by developing and manufacturing low-cost machines, software, and supplies. Metamaquina is oriented toward an open-source hardware business model, allocating most of the assembly instructions to Open-source repositories.
In Latin America, Brazil, Chile, Mexico, and Argentina have a prominent role in generating the largest output of scientific production related to additive manufacturing technologies. Still, it only has 2% of global scientific production (Rodríguez-Salvador et al., 2019). Regarding bioprinting technologies focused on future 3D tissue culture and organ printing, Brazil leads the number of scientific publications (Rodríguez-Salvador et al., 2019).
2.4.2 SynBio, DIYBio initiatives, and open hardware
Outside of the academic context, the open hardware movement and SynBio in Latin America have a very heterogeneous development that addresses different needs and scopes and, in many cases, cannot be entirely separated from academic organizations82. Two significant interests could be centered on developing biotechnological tools: 1) Open-source hardware and 2) SynBio components83,84,85,86,87,88 (Federici et al., 2013; Lewens, 2015). One of these emergencies is constructing scientific equipment in a region that is chronically scarce or difficult to obtain. Due to high costs and a stricter regulatory framework that limits access to genetic modification technologies and suppliers (Kuiken and Kuzma, 2021), SynBio has had limited practical penetration in independent laboratories or maker spaces. Therefore, many existing developments focus on education using readily available biomaterials and supporting entrepreneurship89,90 (Valenzuela-Zubiaur et al., 2021).
There are hybrid initiatives organized by academic consortiums that have extracurricular activities that promote the value of open science: This is the case of “Laboratorio de Tecnología Libre” or Free Technology Lab91 and Red Fungi92, a network for several labs belonging to the University of Chile exploring biomaterials, and essentially promoting trans-disciplinary studies between engineering, material science, conservation, and design within a ludic and informal environment. Likewise, the University of Chile possesses accelerators and innovation labs that offer most of the digital manufacturing tooling to promote entrepreneurship and Open Science developments93.
Civic organizations thriving in non-academic contexts are usually Fab Labs oriented to education and the training of tooling and equipment in areas where its operation still represents a limiting factor. An extensive network of Fab Labs across Latin America awaits major visibility and awareness94. The largest concentration in South America is allocated in the San Paulo metropolitan area, Brazil, followed by Chile and Colombia95. A particular mention of Fab Labs that have dedicated programs for teaching synthetic biology and the assembly of scientific equipment is the UTEC Bioacademy and Open BioFab Lab Lima in Peru96,97. After the HTGAA (How to Grow Almost Anything) conferences in 2017 organized by the MIT Media Lab and David Kong’s Community biotechnology lab, the latter is the resulting effort. The programs aim to teach science in vulnerable communities and build low-cost scientific instruments.
2.4.3 DIYBio, amending the gender gap
Other associations are oriented toward networking and pushing gender equality and women’s participation in science; this is the case of Biotech Latina with a dynamic organization by Sofia Taday98. One of the network’s objectives is to facilitate and promote the access and work of early-career female scientists that have been historically neglected in scientific endeavors (Wenneras and Wold, 1997).
It is important to address the outstanding participation of young women as scientific entrepreneurs engaging in providing services and products resulting from the immediate applicability of biomaterials. Few examples are Labva Laboratorio de Biomateriales de Valdivia Chile led by Maria José Besoain99 and Etimo Biomaterials in Argentina coordinated by Camila Castro100. Colombian artist Heidi Jalk, currently leading the Sistemas Materiales research group at the University of Buenos Aires, has focused her work and research on bio-inspired, sustainable materials101. The intersectional research and entrepreneurship of these young female leaders could help to redefine aspirational role models in a region still struggling with enormous gender inequality and low representation of women in science. The social impact of more female representation in leading scientific and creative positions in South America could catalyze a transformative benefit for increasing regional human development indicators102.
A comprehensive compilation of groups and their contributions to Open and Citizen Science has been summarized in Table 3.
TABLE 3 | Citizen and open science in South America. There are several groups, mainly in Argentina and Chile, that encourage the development of SynBio in society.
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An important aspect that supports the advancement in SynBio in obtaining and understanding the role of new genetic tools and parts is the application of Next-Generation Sequencing (NGS) (Hughes and Ellington 2017; Bashor and Collins 2018). By analyzing massive amounts of data obtained from libraries of organisms with particularly useful properties, novel circuits can be engineered. For that reason, the increase in NGS use in South America may positively impact research in SynBio.
The Latin American NGS market is expected to grow at a compound annual rate between 6% and 16% over the next decade, reaching a net valuation of about $715 USD million by the early 2030s103. The speed, throughput, and precision of NGS have revolutionized genetic analysis, allowing it to be used in new fields like genomics and clinical research, reproductive health, environmental, agricultural, and forensic science. This ramp-up in the investment in nucleic acid sequencing technology echoes those seen in the early years of the beginning of the Human Genome Project more than 30 years ago (Wiechers et al., 2013). Although, this time, the market is focused on personal genomics and industrial applications104. The Latin American NGS business is rapidly expanding as genome mapping efforts intensify. A few examples are discussed in the following paragraphs.
In 2020, 1,433,519 new cancer cases were reported in the region, according to the Global Cancer Observatory (GLOBOCAN) and the National Center for Biotechnology Information (NCBI)105. Furthermore, by 2040, these figures are predicted to rise by 78%, to more than 2.5 million people afflicted with cancer each year (Alvarez-Gomez et al., 2021). According to GLOBOCAN studies, the cancer burden in Latin America and the Caribbean is anticipated to rise among those 65 and older. As a result of the rising prevalence of genetic illnesses in the region, governments are undertaking genome mapping programs, fueling the demand for sequencing products.
The study about the genomes of 280 Native Americans from Peru was published in June 2018 (Harris et al., 2018) as part of the Peruvian Genome Project by a team from the United States, Peru, and Brazil. The purpose of this research was to examine and comprehend Peruvian demographic trends and their historical background. The impacts of this study have helped to obtain a more detailed picture of the Peruvian population’s epidemiology (Carrillo-Larco et al., 2022) and add further focus on pediatric genetics, cancer genetics, autoimmune diseases, and neurogenetics. This could facilitate the adoption of more refined theragnostic applications (Harris et al., 2018).
“DNA do Brasil” was initiated in December 2019 with the goal of sequencing the DNA of 15,000 Brazilians aged 35–74. DASA, a Brazilian medical diagnostics firm, has absorbed the costs of the sequencing for the first 3,000 samples, while Illumina, will supply the genome analysis inputs and Google Cloud will store the data106. The project's main goal is to use genetic analysis to treat and prevent genetic illnesses in the country.
Another important niche of expansion of the NGS market in Latin America is expected to increase as more drug discovery platforms use NGS technology in precision medicine and genomics. Various projects connected to drug development, research, and clinical diagnostics procedures are continuing in the region due to NGS capabilities, rising applications, and the developing trend of personalized medicine. As of 2017, 221 NG platforms and 118 research groups in Latin America were working on cancer genomics projects (Torre et al., 2017; Oliver et al., 2019; Herzog et al., 2021).
Various projects have been launched in Brazil to study HIV genetic diversity through the generation of HIV complete or near full-length genomes (NFLG) and improve the characterization of intra- and interhost diversity of viral populations, helping to assess the antiviral drug resistance in geographically defined populations (Alves et al., 2019). Similarly, Porcine circovirus type 3 was detected in Chile using Next-Generation Sequencing (NGS) (Ariyama et al., 2021). This simultaneous identification of pig viral species utilizing its RNA and DNA genomes can be valuable for detecting swine viral emerging illnesses.
Similarly, NGS is utilized in Colombia to identify, diagnose, and control viral illnesses in plants in order to develop plants that are resistant to viral infections. This later effort is the result of hybrid interaction between the academic and private sectors. The EAFIT through the Axomics Sequencing Center, a spin-off provides industry solutions based on genomic data analysis for agricultural, and biotechnological research. The center has provided important information regarding the strain diversity of Helicobacter pylori-associated with chronic gastritis (Muñoz et al., 2021) and the determination of cacao fungi infection (Guerra Sierra et al., 2022).
4 OPPORTUNITIES AND FUTURE PERSPECTIVES OF SYNBIO IN SA
From the examples and activities discussed above, it becomes clear that South American countries have already started a regional SynBio revolution. Brazilian and Argentinian governments are providing the essential funding to keep local research groups and businesses afloat107. This effort translates into more publications and startup companies than elsewhere in the subcontinent108. Moreover, cooperation and integration among research groups from different countries may overcome local regulatory constraints or the relative lack of funding. In the future, these occurrences may help develop the necessary capabilities to conduct SynBio research more evenly and to a higher level of technical complexity.
Furthermore, with its contrasting climates and vast areas suited for agriculture, South America is a major producer and exporter of food and feed (OECD and FAO, 2019). Sugarcane is a prime example of an important crop for local economies (mainly in Brazil), and it constitutes an almost ideal raw material for microbial fermentations (de Araujo Guilherme et al., 2019; Pratto et al., 2020). If used locally, the cost of using these raw materials for growing biomass or fermenting high-value chemicals is low, thereby positively impacting bioproduction.
Yet, the dominant perception of the large majority of Latin American governments is not positive on embracing genetic modification technologies and Synbio products into their agroforest supply chains Sharry and Briones 2020). However, that political positioning is contradictory to the observed trend that incorporates sub-products and derivatives of GMOs into ingredients and components of further markets including food additives, medicines, and fibers (Turnbull et al., 2021). Brazil and Argentina are two of the top five producers of GM crops in Latin America, according to the “International Services for the Acquisition of Agri-Biotech Applications” (ISAAA)109. In the 2019 report, Paraguay, Colombia, Chile, Bolivia, Argentina, and Brazil collectively accounted for 44% of the world’s GM cropland, which is comparable to North America’s (44% in the US and Canada) share. It is important to highlight that Brazil alone produced more GM soybeans than the US did. Chile is currently the biggest exporter of transgenic seeds in the southern hemisphere, while Colombia dramatically expanded the cultivation of transgenic maize and cotton by around 15%.
Additionally, excluding the United States and Mexico, South America contains five of the seven megadiverse countries of the Americas110. Nevertheless, the platforms involved in assessing and exploiting the regional biodiversity greatly divert in their implementation and even their ideological and political liaisons. Still, bioprospection of novel chemicals for pharma and industry may provide South America with new opportunities to develop its secondary sector on the groundwork of SynBio and Biotech. Bioprospection is a practice that seeks to explore the immediate commercial value of the biodiversity of a less economically developed country with the assistance of more technologically advanced countries and their biotechnological industries (Torres and Velho 2009). This practice is not always rewarded as advantageous or fair for developing nations but (according to Torres and Velho, 2009) has been demonstrated to be in some cases a successful pathway for economic development, like in the case of Colombia.
Nearly 120 bioactive molecules from Colombian forest plants have been identified and some have been approved for further patent application and commercialization (Torres and Velho 2009). The same report, however, suggests that even mega biodiverse countries like Colombia have become been greatly benefitted from their interaction with large pharmaceutical companies, and academic groups through the acquisition of equipment, and training personnel, the radical failure can be addressed in the minimal participation of local business participation and return benefits for the indigenous communities that withholds the traditional knowledge. This is nevertheless, just one example of opportunities for bioprospection in the region, as there are other novel chemicals that may be exploited commercially (Vasconcelos et al., 2018; Delgado-García et al., 2019; Proaño-Bolaños et al., 2019).
On the other hand, there are structural challenges to tackle urgently regarding the regulatory, financial, educational, and economic frameworks that could be reverted to ease the current conditions of the region and could have an immediate and long-lasting impact (Torres and Santos-Ordóñez 2020). Among those conditions are the protectionism measures some local markets impose on the importation of equipment, reagents, and materials needed for even the most basic operations for research (Nhamo et al., 2021). Another one is the educational landmarks that need to be achieved in order to give access to STEM students in Latin America adequate resources for an education of quality (Sahin and Mohr-Schroeder 2019).
Ultimately, the development of Open-source Technologies and Free Hardware might break the dependence on expensive foreign equipment, which has dragged several regional developments. Local machinery has the potential to replace unavailable instruments, the absence of which stalls development or reduces the quality of research. Thus, by decentralizing production, the technological gap between South American SynBio and other parts of the globe could be bridged. Likewise, research groups from this subcontinent could benefit from local biodiversity to obtain bioparts and biological chassis, paired with the need for governments to replace commodities as the main source of revenue111,112 (Ocampo, 2017), and the (double-edged sword) of globalization and supply chains. A summary of the opportunities and potential threats for the development of SynBio in South America is illustrated in Figure 2.
[image: Figure 2]FIGURE 2 | Main strengths, weaknesses, opportunities, and threats of SynBio in South America.
5 CONCLUDING REMARKS
The mature field that we know as SynBio consolidated at the onset of the 21st century, and the South American counterpart to these developments emerged in the region in the 2010s (Figure 1). This delay was further worsened by the lack of solid scientific funding in some countries, which, in some cases, led to serious financial difficulties for researchers working in Ecuador and Peru. Nevertheless, all South American countries invest approximately the same GDP in research (around 0.5%). This number might be misleading, as the sizes of the economies are vastly different (i.e., the GDP of Brazil is 1.4 trillion USD for Brazil and 53 billion for Uruguay)112. Thus, the total amount of money allocated to research will widely vary depending on the country. Despite these economic issues, Brazil, Chile, and Argentina have paved the way for developing SynBio in the region.
Advances in the design of synthetic promoters and other functional parts, the mining of building blocks for SynBio, the development of E. coli strains endowed with high levels of acid resistance, microbial biosensors, and the biotechnological implementation of novel bacterial platforms are just but a few examples that bear witness of the reach of SynBio. More projects could be done with a higher level of integration and cooperation between institutions from different countries. Furthermore, the expansion of Open Hardware in the region, the establishment of instrument manufacturing companies, and the creation of FabLabs in Brazil, Colombia, Chile, and Peru have all reduced the reliance on costly foreign equipment. Furthermore, initiatives such as iGEM and TecnoX will continue to promote the interest of younger generations of researchers that represent the future of SynBio and which in turn, creates novel ideas for solving regional problems. Finally, in addition to the initiatives that have already been mentioned, it is key to strengthen SynBio by promoting the participation of researchers of different countries in research projects, aimed at proposing solutions to regional problems, based on the application of strategies of synthetic biology, agrobiotechnology, as well as other scientific disciplines.
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