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Introduction

Regulation of New Breeding Techniques (NBTs)1 in agriculture has garnered
considerable attention and discussion in recent years. These emerging technologies have
the potential to greatly impact crop productivity and address a range of global challenges,
prompting countries worldwide to grapple with how best to regulate and oversee their use.

Despite the abundance of scholarly literature discussing the regulatory dimensions of
these biotechnological advancements (Menz et al., 2020; Entine et al., 2021; Turnbull et al.,
2021; Rosado and Eriksson, 2022; Sprink et al., 2022; Wei et al., 2022; Ahmad et al., 2023;
Mikhaylova, 2023), detailed information on the specific criteria used by each country is often
inaccurate. In the particular case of Paraguay’s regulatory framework, precise criteria guiding
the regulatory status of products derived from NBTs remain elusive or erroneously construed
in the current scientific literature. To enhance the public understanding of this topic and
provide an additional perspective, we examine the regulations surroundingNBTs in Paraguay.

Regulatory landscape

Different countries deploy diverse criteria to oversee crops derived from NBTs.
Typically, these criteria consist of a definition, such as the Genetically Modified
Organism (GMO) definition; triggers, like “novel trait” in the Canadian regulatory

OPEN ACCESS

EDITED BY

Karen Hokanson,
Agriculture and Food Systems Institute,
United States

REVIEWED BY

Drew Lloyd Kershen,
University of Oklahoma, United States

*CORRESPONDENCE

Danilo Fernández Ríos,
dfernandez@facen.una.py

Andrea Alejandra Arrúa,
andrea.arrua@cemit.una.py

RECEIVED 03 November 2023
ACCEPTED 08 January 2024
PUBLISHED 24 January 2024

CITATION

Fernández Ríos D, Benítez Candia N,
Soerensen MC, Goberna MF and Arrúa AA
(2024), Regulatory landscape for new breeding
techniques (NBTs): insights from Paraguay.
Front. Bioeng. Biotechnol. 12:1332851.
doi: 10.3389/fbioe.2024.1332851

COPYRIGHT

© 2024 Fernández Ríos, Benítez Candia,
Soerensen, Goberna and Arrúa. This is an open-
access article distributed under the terms of the
Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

1 The term “New Breeding Techniques” (NBTs) has been introduced to encompass the emerging

technologies that harness modern biotechnology to create genetic diversity. However, it should be

noted that as a class, NBTs lack universally agreed upon definitions (Whelan and Lema, 2015).

Previously, the following have been classified as NBTs: genome editing, epigenetic modification,

agroinfiltration, cis/intra-genesis, grafting with GMO material, reverse breeding, RNA interference

and gene drives. For the purposes of this study, the term “NBTs” has been employed as synonymous

with the terms “precision breeding,” “new plant breeding techniques,” or “new genomic techniques.”

(Rosado and Eriksson, 2022).
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framework; or a roster of inclusions and exclusions, as utilized in the
Australian regulatory system (Duensing et al., 2018).

Argentina was a pioneer in the development and application of
regulatory guidelines for NBT crops in 2015, and since 2014 it has
earned the distinction of “Reference Center for Biosafety” from the
Food and Agriculture Organization (FAO) (Ministerio de Economía

de Argentina, 2022). The country’s national biotechnology
regulatory agency, CONABIA, provides guidance and technical
assistance and engages in international cooperation to promote

TABLE 1 Overview of various countries that have adopted the Argentinian criteria concerning New Breeding Techniques (NBTs).

Country Party to the
Cartagena protocol

NBTs first
regulated (year)

Current NBT regulation References

Argentina No 2015 Resolution No. 21/2021 and three annexes2 Goberna et al. (2022)

Chile No 2017 Consultation procedure3 Sanchez (2020)

Brazil Yes 2018 Resolution No. 16/20184 Nepomuceno et al. (2020)

Colombia Yes 2018 Resolution No. 000229915 Menz et al. (2020)

Paraguay Yes 2019 Resolution MAG No. 842/20196 Organization for Economic
Cooperation and Development
(2023b)

Ecuador Yes 2019 Ministerial Agreement No. 0637 Gatica-Arias (2020)

Guatemala Yes 2019 Resolution No. UA 60–2019: https://visar.maga.gob.gt/
visar/2019/20/InMini60-19.pdf and Annex: 65.06.
01:188

Hernandez-Soto et al. (2021)

Honduras Yes 2019 Agreement SENASA 008–20199 Gatica-Arias (2020)

Philippines Yes 2020 NCBP Resolution No. 00110 Entine et al. (2021)

Nigeria Yes 2020 National Biosafety Guidelines on Gene Editing11 Jenkins et al. (2021)

Kenya Yes 2022 Guidelines for determining the regulatory process of
genome editing techniques in Kenya12

Sprink et al. (2022)

2 Ex-Ministerio de Agricultura, Ganadería y Pesca (2021). Resolución N° 21/

2021 S/EX-2020–72811589- -APN-DGD#MAGYP Establece procedimiento

para determinar alcance en el marco de la Resolución N° 763/2011 - Nuevas

Técnicas de Mejoramiento. Available at: https://magyp.gob.ar/sitio/areas/

biotecnologia/conabia/_pdf/Resolution_N21-2021_3%20annexes.pdf.

3 Servicio Agrícola y Ganadero de Chile (2017). Aplicabilidad de Resolución

N° 1.523/2001 en material de propagación desarrollado por nuevas

técnicas de fitomejoramiento. Available at: https://www.sag.gob.cl/

ambitos-de-accion/aplicabilidad-de-resolucion-ndeg-15232001-en-

material-de-propagacion-desarrollado-por-nuevas-tecnicas-de-

fitomejoramiento.

4 Comissão Técnica Nacional de Biossegurança, Brasil (2018). Resolução

Normativa N° 16, de 15 de janeiro de 2018. Available at: http://ctnbio.mctic.

gov.br/resolucoes-normativas/-/asset_publisher/OgW431Rs9dQ6/

content/resolucao-normativa-n%C2%BA-16-de-15-de-janeiro-de-

2018?redirect=http%3A%2F%2Fctnbio.mctic.gov.br%2Fresolucoes-

normativas%3Fp_p_id%3D101_INSTANCE_OgW431Rs9dQ6%26p_p_

lifecycle%3D0%26p_p_state%3Dnormal%26p_p_mode%3Dview%26p_

p_col_id%3Dcolumn-2%26p_p_col_count%3D3%26_101_INSTANCE_

OgW431Rs9dQ6_advancedSearch%3Dfalse%26_101_INSTANCE_

OgW431Rs9dQ6_keywords%3D%26_101_INSTANCE_OgW431Rs9dQ6_

delta%3D15%26p_r_p_564233524_resetCur%3Dfalse%26_101_

INSTANCE_OgW431Rs9dQ6_cur%3D2%26_101_INSTANCE_

OgW431Rs9dQ6_andOperator%3Dtrue.

5 Instituto Colombiano Agropecuario (2022). Resolución No. 00022991.

Available at: https://www.ica.gov.co/getattachment/e4b3a97e-b44e-

4974-8bb0-f3b947063e67/2022R22991.aspx.

6 Ministerio de Agricultura y Ganadería de Paraguay (2019). ResoluciónMAG

N° 842/2019 Por la cual se aprueba el Formulario 3 de consulta previa para

productos obtenidos mediante Nuevas Técnicas de Mejoramiento (New

Breeding Techniques). Available at: https://conbio.mag.gov.py/media/

ckfinder/files/RES.N842%2010%20DE%20JULIO%20DE%202019%

20NBT.pdf.

7 Ministerio de Agricultura y Ganadería de Ecuador (2023). Ministerial

Agreement No. 063. Available at: http://servicios.agricultura.gob.ec/

mag01/pdfs/aministerial/2023/063-2023_acuerdo_ministerial_guia_

tecnica_edicion_genetica_vf_numerado-signed.pdf. Article 401 of The

Constitution of Ecuador, as established in 2018, declares that the

country is free of transgenic crops and seeds. Although the presence of

transgenic crops or seeds in Ecuador is limited, consumption of food from

GMOs or their derivatives is permitted as long as proper labeling is

provided. However, regulations specific to NBTs are not included in

these provisions. Organisms that are genetically improved through

genome editing or other NBTs will not undergo risk assessment if

foreign or recombinant DNA is not present in the resulting improved

organism. Ministerial Agreement No. 063/2023 is consistent with the

existing regulatory framework for genetically modified organisms

because it contributes to the procedures for determining whether a

seed or crop contains foreign genetic material and whether it is part of

the seed or crop genome.
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the development of sound regulatory frameworks and approaches
for biotechnology.

The Argentinian model focuses on regulating NBT crops which
involve permanent insertion of foreign DNA. In other words,
products obtained through modern biotechnology techniques that
do not have a new combination of genetic material are considered
conventional (Goberna et al., 2022; Pixley et al., 2022). Several
countries have adopted similar approaches based on Argentina’s
lead (Table 1).

It is important to highlight that multiple regulatory agencies in
different countries work closely together to discuss regulations for
products derived from modern biotechnology (Organisation for
Economic Cooperation and Development, 2023a). Given the
evolution of technologies used in the genetic improvement of
organisms for agricultural use, these guidelines are subject to
periodic updates, resulting in variations in the dates in which
they come into force that are reported by the different sources.

Regional collaboration

The Southern Agricultural Council (CAS) was established in
April 2003, and comprises the Ministries of Agriculture of
Argentina, Bolivia, Brazil, Chile, Paraguay, and Uruguay. It aims
to identify collaborative regional initiatives for short- and medium-
term cooperation. To facilitate this process, CAS has established the
Agricultural Policy Coordination Network, which includes the
Directors of Agricultural Policies of each member country, as
well as various technical-scientific groups. One such group is
Technical Group 5 (GT5-CAS) on Public Policies on
Biotechnology (Rocha-Salavarrieta, 2022).

Recognizing the significance of NBTs for agricultural
development, the GT5-CAS stresses the importance of making

science-based decisions to facilitate research and development
while avoiding unnecessary trade barriers. In light of this, the said
Ministries have declared that they would “seek to work together and
with third countries to avoid unscientific barriers to trade in gene-
edited agricultural products” (Consejo Agropecuario del Sur, 2018)
and they have agreed to “promote the development and application of
agricultural innovations that will enable our region to sustainably
produce more and better food that is safe and nutritious for human
consumption in order to contribute to food security and nutrition,
ensuring access to such innovations for all producers, thus promoting
economic and social development.” (Consejo Agropecuario del Sur,
2016). They also aim to enhance capacity-building efforts and
encourage collaboration among countries for information exchange
regarding product development and regulatory progress. This strong
institutional support has contributed to technical and regulatory
advancements for NBTs within the Southern Cone region (Rocha-
Salavarrieta, 2022; Soerensen and Valdovinos, 2022).

Paraguay NBT regulation

The regulatory system for agricultural biotechnology in Paraguay
has made significant progress since its implementation by theMinistry
of Agriculture and Livestock (MAG) in 1997. These advancements aim
to establish a sound framework based on scientific criteria that include
key concepts such as familiarity, history of safe use, substantial
equivalence, transportability, and problem formulation (Fernández
Ríos et al., 2018; Benítez Candia et al., 2020).

Specifically, in the case of NTBs, in 2019, MAG implemented a
process to assess whether crops derived from these new technologies
fall within the scope of the GMO regulation (Ministerio de
Agricultura y Ganadería del Paraguay, 2019), as outlined in the
Cartagena Protocol on Biosafety. The determination resulting from
this procedure classified crops as either conventional or non-
conventional (Organisation for Economic Cooperation and
Development, 2023b). This classification is based on two main
criteria: a) the utilization of genetic engineering techniques and
b) the creation of a new combination of genetic material achieved
through stable and simultaneous integration of nucleic acid
sequences that form an identifiable genetic construct (Secretariat
of the Convention on Biological Diversity, 2000).

The implemented procedure prioritizes a thorough evaluation on
a case-by-case basis by the National Commission on Agricultural and
Forestry Biosafety (CONBIO), free from any predetermined list of
techniques or classification systems (e.g., SDN-induced variants). This
procedure is not a risk assessment, and instead explores whether the
NBT could result in genetic changes similar to those achieved through
traditional breeding methods or naturally occurring ones. This norm
gives certainty to developers about the regulatory status of a product.
Furthermore, the analysis takes into account a science-based
consideration of NBTs (Figure 1).

The application form consists of different sections, including: a)
Applicant information, b) Organism information (taxonomy and the
specific cultivar/line that will be introduced to the agroecosystem), c)
Molecular biology details (description of the technique employed,
target nucleotide sequences, and any functional modifications made;
evidence demonstrating absence or presence of recombinant
sequences), d) Phenotype considerations (examples of existing

8 Ministerio de Agricultura, Ganadería y Alimentación de Guatemala (2019).

Resolution No. UA 60-2019. Available at: https://visar.maga.gob.gt/visar/

2019/20/InMini60-19.pdf.

9 Servicio Nacional de Sanidad e Inocuidad Agroalimentaria de Honduras

(2019). Acuerdo C.D. SENASA 008–2019. Available at: https://senasa.gob.

hn/web/wp-content/uploads/2022/02/ACUERDO-CD-SENASA-008-

2019-GACETA-35047.pdf.

10 National Committee on Biosafety of the Philippines (2020). Resolution

No. 001. Available at: https://bch.dost.gov.ph/downloads/category/8-

the-regulation-of-plant-and-plant-products-derived-from-the-use-

of-plant-breeding-innovations-pbis-or-new-plant-breeding-

techniques-nbts?download=23:pbi-resolution.

11 National Biosafety Management Agency, Federal Republic of Nigeria

(2020). National Biosafety Guidelines on Gene Editing. Available at:

https://nbma.gov.ng/wp-content/uploads/2022/03/NATIONAL-GENE-

EDITING-GUIDELINE.pdf.

12 National Biosafety Authority, Kenya (2022). Guidelines for determining

the regulatory process of genome editing techniques in Kenya.

Available at: https://www.biosafetykenya.go.ke/images/GENOME-

EDITING-GUIDELINES-FINAL-VERSION-25th-Feb-2022-03.pdf.
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crops in the market with similar phenotypes, anticipated changes in
proposed uses andmanagement practices, analysis of the possibility of
the occurrence of other effects beyond the desired phenotypes) and e)
Authorizations (if the propagation material has been authorized by
the official agency of any country) (Ministerio de Agricultura y
Ganadería del Paraguay, 2019).

Discussion

The regulatory landscape surrounding NBT crops on a global
scale is dynamic, with countries continuously adapting their
regulatory policies, which presents multiple opportunities not
only to implementing countries but also at the regional level

(Schmidt et al., 2020). This translates into a joint recognition
that this set of techniques is important and relevant for the
sustainable innovation of production systems, contributing to
global food security and other societal benefits.

Some countries with established approaches to regulating NBT
crops share the common practice of conducting analyses on a case-
by-case basis and on novel combinations of genetic material as a
threshold for regulation. According to this approach, the regulatory
framework for NBT-derived crops is consistent with that of
conventional breeding, if they are indistinguishable. Furthermore,
this ensures that safety regulations prioritize traits, phenotypes, and
intended uses (Friedrichs et al., 2019).

There is strong consensus that international regulatory
coordination is needed to support the development of effective
science-based regulatory systems for NBT crops, ensuring
consistent and comprehensive oversight of these innovative
technologies (Entine et al., 2021).

Scope statement

The following manuscript is a scholarly contribution to the field of
Biosafety. It focuses on New Breeding Techniques (NBTs) and their

FIGURE 1
Decision-making flowchart that guides through various stages of determining whether a certain crop obtained through NBTs can be classified as
“Conventional” or “Non-conventional” in Paraguay13. The process starts with the introduction of Form 3, leading to an analysis of the information
presented by representatives of CONBIO. The primary determining factor is whether there is a “New combination of genetic material”.

13 Ministerio de Agricultura y Ganadería (2015). ResoluciónMAGNo 27/2015

Por la cual se aprueban los documentos Formulario 1: Ensayos regulados,

2: Liberación comercial y de la guía para Formulario 2: Liberación

comercial Available at: https://conbio.mag.gov.py/media/ckfinder/files/

Resolucion%20MAG%20N%2027_15%20Formularios_1.PDF (Accessed

November 3, 2023).
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regulatory frameworks, with a particular emphasis on Paraguay
and its consistency with regional criteria. Furthermore, it
investigates regional collaborative initiatives, procedural
approaches in Paraguay, and the complexities of NBT
regulations. This manuscript provides valuable insights into
the broader global landscape of NBTs in agriculture.

Author contributions

DF: Conceptualization, Data curation, Investigation, Project
administration, Resources, Software, Supervision,
Writing–original draft, Writing–review and editing, Funding
acquisition, Visualization. NB: Conceptualization, Data curation,
Investigation, Software, Supervision, Visualization,
Writing–original draft, Writing–review and editing. MS:
Conceptualization, Data curation, Writing–review and editing.
MG: Data curation, Investigation, Supervision, Writing–original
draft, Writing–review and editing. AA: Conceptualization, Data
curation, Funding acquisition, Project administration, Resources,
Visualization, Writing–original draft, Writing–review and editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the project “Regulatory sciences in agricultural

biotechnology” (PIC-45-2023) from the Faculty of Exact and
Natural Sciences, National University of Asunción (Paraguay).

Acknowledgments

The authors express their sincere appreciation to Pablo Sotelo for
his valuable feedback on this manuscript. They also extend their
thanks to Alejandro Hernández, Álvaro Ramos, Daniel Acosta, Diego
Galvis, Eder Toppa, Edwin Álvarez, Gonzalo Pardo, Pedro Rocha,
Roger Orellana, Samuel Gabaglio and Sandra Bustos for their kind
contributions of country-specific legislation, and scientific references.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

References

Ahmad, A., Jamil, A., and Munawar, N. (2023). GMOs or non-GMOs? The
CRISPR Conundrum. Front. Plant Sci. 14, 1232938. 1232938. doi:10.3389/fpls.
2023.1232938

Benítez Candia, N., Fernández Ríos, D., and Vicién, C. (2020). Paraguay’s path toward
the simplification of procedures in the approval of GE crops. Front. Bioeng. Biotechnol.
8, 1023. doi:10.3389/fbioe.2020.01023

Consejo Agropecuario del Sur, (2016). “Declaración IV (XXXIV),” in Desarrollo de
nuevas tecnologías de mejoramiento. Available at: http://consejocas.org/wp-content/
uploads/2016/11/Declaracio%CC%81n-IV-Desarrollo-de-Nuevas-Tecnologi%CC%
81as-de-Mejoramiento.pdf (Accessed October 25, 2023).

Consejo Agropecuario del Sur, (2018). Declaración II (XXXV). Técnicas de Edición
génica. Available at: http://consejocas.org/wp-content/uploads/2018/09/XXXVI-RO-
CAS-Declaraci%C3%B3n-II.-T%C3%A9cnicas-de-Edici%C3%B3n-G%C3%A9nica.
pdf (Accessed October 25, 2023).

Duensing, N., Sprink, T., Parrott, W. A., Fedorova, M., Lema, M. A., Wolt, J. D., et al.
(2018). Novel features and considerations for ERA and regulation of crops produced by
genome editing. Front. Bioeng. Biotechnol. 6, 79. doi:10.3389/fbioe.2018.00079

Entine, J., Felipe, M. S. S., Groenewald, J.-H., Kershen, D. L., Lema, M., McHughen,
A., et al. (2021). Regulatory approaches for genome edited agricultural plants in select
countries and jurisdictions around the world. Transgenic Res. 30 (4), 551–584. doi:10.
1007/s11248-021-00257-8

Fernández Ríos, D., Rubinstein, C., and Vicién, C. (2018). Capacities for the risk
assessment of GMOs: challenges to build sustainable systems. Front. Bioeng. Biotechnol.
6, 40. doi:10.3389/fbioe.2018.00040

Friedrichs, S., Takasu, Y., Kearns, P., Dagallier, B., Oshima, R., Schofield, J., et al.
(2019). Meeting report of the OECD conference on “genome editing: applications in
agriculture—implications for health, environment and regulation.”. Transgenic Res. 28,
419–463. doi:10.1007/s11248-019-00154-1

Gatica-Arias, A. (2020). The regulatory current status of plant breeding technologies
in some Latin American and the Caribbean countries. Plant Cell Tiss. Organ Cult. 141,
229–242. doi:10.1007/s11240-020-01799-1

Goberna, M. F., Whelan, A. I., Godoy, P., and Lewi, D. M. (2022). Genomic editing:
the evolution in regulatory management accompanying scientific progress. Front.
Bioeng. Biotechnol. 10, 835378. doi:10.3389/fbioe.2022.835378

Hernandez-Soto, A., Echeverría-Beirute, F., Abdelnour-Esquivel, A., Valdez-
Melara, M., Boch, J., and Gatica-Arias, A. (2021). Rice breeding in the new era:
comparison of useful agronomic traits. Curr. Plant Biol. 27, 100211. doi:10.1016/j.
cpb.2021.100211

Jenkins, D., Dobert, R., Atanassova, A., and Pavely, C. (2021). Impacts of the
regulatory environment for gene editing on delivering beneficial products. Vitro
Cell.Dev.Biol.-Plant 57, 609–626. doi:10.1007/s11627-021-10201-4

Menz, J., Modrzejewski, D., Hartung, F., Wilhelm, R., and Sprink, T. (2020). Genome
edited crops touch the market: a view on the global development and regulatory
environment. Front. Plant Sci. 11, 586027. doi:10.3389/fpls.2020.586027

Mikhaylova, E. V. (2023). “Crop genome editing – regulations and policies,” in Genome
editing and global food security (London: Routledge), 212–235. doi:10.4324/9781003382102-9

Ministerio de Agricultura y Ganadería del Paraguay (2019). Resolución MAG No 842/
2019 Por la cual se aprueba el Formulario 3 de consulta previa para productos obtenidos
mediante Nuevas Técnicas de Mejoramiento (New Breeding Techniques). Available at:
https://conbio.mag.gov.py/media/ckfinder/files/RES.N842%2010%20DE%20JULIO%
20DE%202019%20NBT.pdf.

Ministerio de Economía de Argentina (2022). CONABIA: Único centro de referencia
mundial de la Organización de las Naciones Unidas para la Alimentación y la
Agricultura (FAO). CONABIA como centro de referencia FAO. Available at: https://
www.argentina.gob.ar/agricultura/bioeconomia/conabia-como-centro-de-referencia-
fao [Accessed October 25, 2023].

Nepomuceno, A. L., Fuganti-Pagliarini, R., Felipe, M. S. S., Molinari, H. B. C., Velini,
E. D., Pinto, E. R. D. C., et al. (2020). Brazilian biosafety law and the new breeding
technologies. Front. Agr. Sci. Eng. 7, 204. doi:10.15302/J-FASE-2019301

Organisation for Economic Cooperation and Development (2023a). Considerations for
collaborativework on the safety assessments of foods and feeds derived from rDNAplants. Paris:
OECD Environment Directorate, Environment, Health and Safety Division. Available at:
https://one.oecd.org/document/ENV/CBC/MONO(2023)37/en/pdf.

Organisation for Economic Cooperation and Development (2023b). “Paraguay,”
in Series on the harmonisation of regulatory oversight in biotechnology (Paris:
OECD Environment Directorate, Chemicals and Biotechnology Committee),
52–54. Available at: https://one.oecd.org/document/ENV/CBC/MONO(2022)23/
en/pdf.

Frontiers in Bioengineering and Biotechnology frontiersin.org05

Fernández Ríos et al. 10.3389/fbioe.2024.1332851

https://doi.org/10.3389/fpls.2023.1232938
https://doi.org/10.3389/fpls.2023.1232938
https://doi.org/10.3389/fbioe.2020.01023
http://consejocas.org/wp-content/uploads/2016/11/Declaracio%CC%81n-IV-Desarrollo-de-Nuevas-Tecnologi%CC%81as-de-Mejoramiento.pdf
http://consejocas.org/wp-content/uploads/2016/11/Declaracio%CC%81n-IV-Desarrollo-de-Nuevas-Tecnologi%CC%81as-de-Mejoramiento.pdf
http://consejocas.org/wp-content/uploads/2016/11/Declaracio%CC%81n-IV-Desarrollo-de-Nuevas-Tecnologi%CC%81as-de-Mejoramiento.pdf
http://consejocas.org/wp-content/uploads/2018/09/XXXVI-RO-CAS-Declaraci%C3%B3n-II.-T%C3%A9cnicas-de-Edici%C3%B3n-G%C3%A9nica.pdf
http://consejocas.org/wp-content/uploads/2018/09/XXXVI-RO-CAS-Declaraci%C3%B3n-II.-T%C3%A9cnicas-de-Edici%C3%B3n-G%C3%A9nica.pdf
http://consejocas.org/wp-content/uploads/2018/09/XXXVI-RO-CAS-Declaraci%C3%B3n-II.-T%C3%A9cnicas-de-Edici%C3%B3n-G%C3%A9nica.pdf
https://doi.org/10.3389/fbioe.2018.00079
https://doi.org/10.1007/s11248-021-00257-8
https://doi.org/10.1007/s11248-021-00257-8
https://doi.org/10.3389/fbioe.2018.00040
https://doi.org/10.1007/s11248-019-00154-1
https://doi.org/10.1007/s11240-020-01799-1
https://doi.org/10.3389/fbioe.2022.835378
https://doi.org/10.1016/j.cpb.2021.100211
https://doi.org/10.1016/j.cpb.2021.100211
https://doi.org/10.1007/s11627-021-10201-4
https://doi.org/10.3389/fpls.2020.586027
https://doi.org/10.4324/9781003382102-9
https://conbio.mag.gov.py/media/ckfinder/files/RES.N842%2010%20DE%20JULIO%20DE%202019%20NBT.pdf
https://conbio.mag.gov.py/media/ckfinder/files/RES.N842%2010%20DE%20JULIO%20DE%202019%20NBT.pdf
https://www.argentina.gob.ar/agricultura/bioeconomia/conabia-como-centro-de-referencia-fao
https://www.argentina.gob.ar/agricultura/bioeconomia/conabia-como-centro-de-referencia-fao
https://www.argentina.gob.ar/agricultura/bioeconomia/conabia-como-centro-de-referencia-fao
https://doi.org/10.15302/J-FASE-2019301
https://one.oecd.org/document/ENV/CBC/MONO(2023)37/en/pdf
https://one.oecd.org/document/ENV/CBC/MONO(2022)23/en/pdf
https://one.oecd.org/document/ENV/CBC/MONO(2022)23/en/pdf
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1332851


Pixley, K. V., Falck-Zepeda, J. B., Paarlberg, R. L., Phillips, P. W. B., Slamet-
Loedin, I. H., Dhugga, K. S., et al. (2022). Genome-edited crops for improved food
security of smallholder farmers. Nat. Genet. 54, 364–367. doi:10.1038/s41588-022-
01046-7

Rocha-Salavarrieta, P. J. (2022). Regional initiatives in the western hemisphere as a
contribution to the safe biotechnology development. Front. Bioeng. Biotechnol. 10,
837635. doi:10.3389/fbioe.2022.837635

Rosado, A., and Eriksson, D. (2022). Biosafety legislation and the regulatory status of
the products of precision breeding in the Latin America and the Caribbean region.
Plants People Planet 4, 214–231. doi:10.1002/ppp3.10243

Sanchez, M. A. (2020). Chile as a key enabler country for global plant breeding,
agricultural innovation, and biotechnology. GM Crops Food 11, 130–139. doi:10.1080/
21645698.2020.1761757

Schmidt, S. M., Belisle, M., and Frommer, W. B. (2020). The evolving landscape
around genome editing in agriculture: many countries have exempted or move to
exempt forms of genome editing from GMO regulation of crop plants. EMBO Rep. 21,
e50680. e50680. doi:10.15252/embr.202050680

Secretariat of the Convention on Biological Diversity (2000). Cartagena protocol on
biosafety to the Convention on Biological Diversity: text and annexes. Montreal:

Secretariat of the Convention on Biological Diversity. Available at: https://bch.cbd.
int/protocol/text/.

Soerensen,M.C., andValdovinos,H. (2022). “Nuevas técnicas demejoramiento (NBT),” in
Editor A. Sarquis, A. Chaves, andY.Gallaztegui (Consejo Agropecuario del Sur)Evolución del
uso de la biotecnología en los países del Consejo Agropecuario del Sur. Grupo de trabajo sobre
Políticas Públicas en Biotecnología (GT5) de la Red de Políticas Agropecuarias del CAS,
Available at: http://consejocas.org/wp-content/uploads/2023/07/Publicaci%C3%B3n-Evoluci
%C3%B3n-del-uso-de-la-biotecnolog%C3%ADa-en-los-pa%C3%ADses-del-CAS.pdf.

Sprink, T.,Wilhelm, R., andHartung, F. (2022). Genome editing around the globe: an update
on policies and perceptions. Plant Physiol. 190, 1579–1587. doi:10.1093/plphys/kiac359

Turnbull, C., Lillemo, M., and Hvoslef-Eide, T. A. K. (2021). Global regulation of
genetically modified crops amid the gene edited crop boom – a review. Front. Plant Sci.
12, 630396. doi:10.3389/fpls.2021.630396

Wei, X., Pu, A., Liu, Q., Hou, Q., Zhang, Y., An, X., et al. (2022). The bibliometric
landscape of gene editing innovation and regulation in the worldwide. Cells 11 (17),
2682. doi:10.3390/cells11172682

Whelan, A. I., and Lema, M. A. (2015). Regulatory framework for gene editing and
other new breeding techniques (NBTs) in Argentina.GMCrops Food 6, 253–265. doi:10.
1080/21645698.2015.1114698

Frontiers in Bioengineering and Biotechnology frontiersin.org06

Fernández Ríos et al. 10.3389/fbioe.2024.1332851

https://doi.org/10.1038/s41588-022-01046-7
https://doi.org/10.1038/s41588-022-01046-7
https://doi.org/10.3389/fbioe.2022.837635
https://doi.org/10.1002/ppp3.10243
https://doi.org/10.1080/21645698.2020.1761757
https://doi.org/10.1080/21645698.2020.1761757
https://doi.org/10.15252/embr.202050680
https://bch.cbd.int/protocol/text/
https://bch.cbd.int/protocol/text/
http://consejocas.org/wp-content/uploads/2023/07/Publicaci%C3%B3n-Evoluci%C3%B3n-del-uso-de-la-biotecnolog%C3%ADa-en-los-pa%C3%ADses-del-CAS.pdf
http://consejocas.org/wp-content/uploads/2023/07/Publicaci%C3%B3n-Evoluci%C3%B3n-del-uso-de-la-biotecnolog%C3%ADa-en-los-pa%C3%ADses-del-CAS.pdf
https://doi.org/10.1093/plphys/kiac359
https://doi.org/10.3389/fpls.2021.630396
https://doi.org/10.3390/cells11172682
https://doi.org/10.1080/21645698.2015.1114698
https://doi.org/10.1080/21645698.2015.1114698
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2024.1332851

	Regulatory landscape for new breeding techniques (NBTs): insights from Paraguay
	Introduction
	Regulatory landscape
	Regional collaboration
	Paraguay NBT regulation
	Discussion
	Scope statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


