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Abstract: Agricultural synthetic biology, an emerging interdisciplinary field, synergistically integrates fundamental
principles from biology, engineering and computer science, and is dedicated to advancing agricultural production

towards greater efficiency and sustainability by innovatively designing and engineering of biological systems. In recent
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years, governments worldwide have accelerated the development of this field through the combined efforts of policy
initiatives and technological innovation. Countries and regions including the United States, the European Union, the
United Kingdom, and Australia have introduced policies to explicitly support the research and application of key
technologies, such as gene editing and metabolic engineering, in the agricultural field. These supportive frameworks
have greatly advanced the global development of agricultural synthetic biology. In China, active efforts are being made
to construct an integrated innovation ecosystem connecting industry, academia, and research institutions, with the goal
of accelerating the industrialization of agricultural synthetic biology technologies. Currently, several technologies have
achieved initial commercial applications in areas such as breeding, food and feed production, and biological pesticides.
In crop breeding, precise genome editing enables the development of varieties with enhanced yield, improved
nutritional quality, and greater resistance to biotic and abiotic stresses. In the field of food and feed, genetic engineering
is employed to modify microorganisms to produce enzyme preparations that improve feed digestibility and nutritional
value, as well as to develop microbial-based biopreservatives to replace chemical preservatives, or natural-source
coatings that extend the shelf life of fruits and vegetables. Additionally, biological pesticides derived from natural
microorganisms, plant extracts or insect pheromones can effectively reduce the impact on soil, water sources and
ecosystems, while reducing the risk of residues. These products are increasingly applied in crop protection, and offer
sustainable alternatives for reducing environmental pollution while safeguarding food safety. Several innovative
enterprises worldwide have provided valuable experience and insights into the development and application of
agricultural microbial products. These companies not only demonstrate effective pathways for translating laboratory
research into practical products, but also offer business models that serve as valuable references for the broader
industry. Simultaneously, a number of Chinese enterprises are actively exploring the application of synthetic biology to
improve crop breeding, enhance crop resistance to stress and diseases, and develop biopesticides, biofertilizers, and
new bio-based materials. Some are employing synthetic biology approaches to improve crop performance under
adverse environmental conditions or to enhance soil health by optimizing microbial community structures. Despite
recent breakthroughs, the continued development of agricultural synthetic biology still faces numerous challenges,
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including limited market acceptance, underdeveloped regulatory frameworks, insufficient capital investments, and
persistent technological bottlenecks. Overcoming these challenges requires a concerted, multi-faceted approach that
integrates policy guidance, technological innovation, and industrial upgrading. It is essential to foster synergistic
development across key domains, including the engineering of non-food crops, the expansion of photoautotrophic
microbial platforms, and the advancement of carbon capture and utilization technologies. At the same time,
interdisciplinary collaboration should be strengthened to encourage more research institutions and enterprises to engage
in this field. Through the combined forces of supportive policies and increased capital investment, barriers such as
ecological risk assessment can be effectively addressed, thereby accelerating the commercialization of new products.
Governments must act promptly to establish clear, science-based regulatory pathways that ensure the safety and
efficacy of emerging agricultural biotechnologies, at the same time investors should recognize the transformative
potential of this field and provide financial support for startups and research initiatives. Ultimately, the goal is to
catalyze a global agricultural transformation that ensures food security for a growing population, mitigates the impacts
of climate change, and promotes ecological conservation and restoration. Through collaborative efforts among all

stakeholders, agricultural synthetic biology has the potential to become a driving force for advancing modern

agriculture and building a greener, healthier, and more sustainable future for humanity.

Keywords: synthetic biology; agriculture; innovation chain; industrial chain; policy planning
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Fig. 1 Agricultural synthetic biology: A full-process framework from technological innovation to industrial application

(The left part of the figure mainly describes the construction process of the synthetic biology platform, including the design and testing of elements

such as components, biological circuits, and synthetic modules. The middle part focuses on specific practices in different application scenarios, such

as crop improvement, livestock and aquaculture breeding, and the utilization of biomass resources, efc. The right section further explores how these

technological achievements, through intelligent operation control, market access and supervision, and other links, ultimately achieve circulation and

consumption, and gain public recognition.)
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Table 1 A list of policy plans for agricultural synthetic biology in the United States
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Table 2 A list of policy plans for agricultural synthetic biology in the European Union
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o) A — R I N BRI EE AR L
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Table 3 Examples of enterprises and related products in the field of international agricultural synthetic biology

Al A FR K/ X 2 53 AU M E A 5 IR %%
AgBiome e TEv R s A% VIR 23 BT R AR 1 R 24 o)
AgriMetis % TEVI RS FRARA B
Agrisea JIIE-DN TEVI R PR K
Agrivida B WE IR I AR A B0 K A = LA
Apeel % H A= i AR B FER TR JZ A DU S8 (R 3
Avalo | YEVIHIE R I FBL2R 5 ] (i gk 5 R 5 I B AR 4 el R
BioCraft Pet Nutrition ES TR WA TR & B R A
Benson Hill S| TEVIS R e RAED B R 1 A 9015 B °F & CropOS™
Berkeley Yeast ES fog VTR B 5 DA S IR ] R 4 R
BioPhero P& EIBIIR P R WA = ) U B
BlueNalu eS| G S S TR T
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Bond Pet Foods FH TV I A P e AR A 77 ) B B 1
Boost Biomes *H VBTG FE R HE ) LR AR R AR BT VR A
Calysta S| Tt I AR SRR A W e A = B B
Calyxt ESE| TEVIE R O A= NI INSE b RN e 2 (L]
Caribou Biosciences S| HEE R FH 25 R i 2 5 AR B 0 2B AR 5K R IR
Cibus ESE| TEVIE R R FH 2 D5 s 4B 04T 7 o
Deep Branch Biotechnology b [ FRDARE = o BRI AT RS AR P I B U, B A G DR O S A oy
Endless West % B A5 FH R SR A R0 P RESRE B A 7 i B 28 7 b
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GreenLight Biosciences K RNAEYIRZ)  JFRAEE RNA B, F 1076 8 45 A 1
Ikenga Wines *H PR AL REAL AR A
Concentric Agriculture S| gk M R TR R A A AR
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Joyn Bio FH £ FE R 2 A5 B DA i b 3o 2 14 44K 36

Khepra ES gl

455 2 AU A M AN B AT IR T 1]
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Al A FR [ &K /Hh X 4t 73 ek LNV E AP R %
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Wi, JEoR 1 KIEARS S T 555 7
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EVIRE e AR Y 2T & 5 R iR RS &
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T 2019 A7 H AN B DR 2 B AL 7 i AE R
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] CRISPR IE )15 R Gt vl 7EAS 5] N B R 17 O
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EB W SR AU, A AR EAR
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) Rhiza B 2 S ARG L E TR A R EHEE
(FDA) &M )5, T 202447 H3R45HN
Tt it JR) ) M A R A D Al 2R R RN B ) s
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HRAWEE Sk, EHERT, —HEHEH
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CRISPR Cas SFO1 A1 CRISPR Cas SF02 i [X] 4 5 1%
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Table 4 Examples of domestic enterprises and related products in the field of agricultural synthetic biology
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