PUARA: fin B2 ATF 5T 2025 4FHE 6 B 1 4

Journal of Modern Life Sciences Research https://jlsr.oajrc.org/
EREMFNMRERSNARIS
K

KXHH KT #HILK X

[FBE] St FA 21 MmN, BRETAEAMF., TEF, BEFH 5 FHGIEIIAF.
EZOCETRA IR IZE, SSEMIREITA B 69T, BEE 7 ZA KA, A Z LR 2 X
WIRARMATL LG R, LFR, MAELARBE, AREESR. THEEFFERBRKGTREE, 5%
A F NIRRT R AR 2R R AL RALR T ZAVBA RITA XL, AREAT R E R M
JaFt R (GedR ¥, RS B REFAY R, L@leF A, FRARASKIUTFAEERRM, #niEmki
WYHAAEMEY (RAZUSHAES, HARDEERETEAFTL) . TR (e =AM 5 554
g, A F A S . FARMRTRAH) ARFERYP FHRGEFER R, RE, EAFKTT S
&i%#&i%%é\%géﬁ\Fﬂwm&%ﬁ@@%%%%M% AR KRR EALH, MR AL
THERE. MEEMZFHEXNT @ A5 TTREZ. 6RAEMF IR EATBHERENBAK
ﬂ,iﬁﬁ%&ﬁé%ﬁ%%&\%%\%%m&kﬁé%%%&ﬁﬁo

[XBEA) &A%y AR, Ramie, 244, 24h%d;, ITRAMF

[WFsBHA) 20255 A 10 & [EFIBHA) 20256 A 11 B [DOI] 10.12208/j.jls.20250003

Research progress and application prospects of synthetic biology
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[ Abstract] Synthetic biology is an interdisciplinary frontier science that emerged in the early 21st century,
integrating multiple disciplines such as biology, engineering, and informatics. Its core lies in adopting engineering
design principles to purposefully design, modify, or even synthesize organisms from scratch, thereby creating
artificial life systems with entirely new or enhanced functions. In recent years, with breakthrough advancements in
enabling technologies such as gene editing, gene synthesis, and computational modeling, synthetic biology has
rapidly transitioned from basic research to widespread applications. This article provides a systematic review of the
latest research progress in this field, first elaborating on key technological breakthroughs ranging from the
development of specialized chassis cells (e.g., tobacco, Synechococcus) to genetic code expansion, cell-free systems,
and the design of intelligent gene circuits. It then thoroughly outlines the revolutionary applications of synthetic
biology in various fields, including biomedicine (e.g., efficient natural product production, novel vaccine and gene
therapy vector development), industrial agriculture (e.g., carbon-negative CO2 manufacturing, biosynthesis of high-
value chemicals, creation of new germplasm resources), and environmental protection. Finally, it delves into the
critical challenges synthetic biology faces in areas such as biosafety, ethical governance, and industrialization, while
also outlining its future development trends, particularly in driving sustainable development and establishing a new
paradigm for the bioeconomy. Synthetic biology is not only reshaping traditional biotechnology industries but also
holds the promise of providing novel solutions to global challenges in health, energy, and the environment.
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