afX £

Synthetic Biology Journal zo2s 6000:1-27 2025 £ % 6 % 3 50X 8 | wnww.synbioj.com

S N B DOI: 10.12211/2096-8280.2025-042
R TR IR

CRISPR/Cas & G185 T2 W 8n s 1 g FH 5% 1k

EFF, BXE, FAME, EA
CHEAFUNFENERAEELAERE, WFAIT ¥R, #HF KPP 410012; * ZEFEA¥H¥ R, A BZL
710032)

{E: CRISPR/Cas RERESHRM . IREMNERE, EXNADFLHAEBNEETER ., AXHRT
CRISPR/Cas KGRI ARIZ . ZMTFEMARETEEEFZPRMNARE. E5, MR T CRISPR/Cas RFEAIE
FN#I552%, FESTIET CRISPRIZETIRARICIF IR, BIEETZEMY 18 (SHERLOCK (specific
high-sensitivity enzymatic reporter unlocking) . DETECTR (DNA endonuclease targeted CRISPR trans reporter) ) F1%
TIBROMS A . EDR, #RIYT CRISPR/Cas I ARFERRRMER (REARFE .. MZoHQll) . MygosFooE (5
ERTH . BETRON) RIFEEBIRSIEURNIRREAE. &5, ANEETZEANARKERLD, S1EH
Biggfhk. SBEBRMIZHARENDNS, Hoh 7T HEIRRECHEIGIXEYEE (REEREL. A
BHIE) . BYREEFINGR, AX SR CRISPR/Cas I ARTED FI2 AT RO — S WAl EZ N B IRHIEIS
5%,

X#ia: CRISPR/Cas &4t; BIRTIGN; IGAREEWALA; MEMiRE, ATEReHEND Fi2HT

PESES: Q816  NEfiREE: A

Advances in the Application of CRISPR/Cas Systems in

Molecular Diagnostics
WANG Ke'* 2, CHEN Wenhui', LEI Chunyang', NIE Zhou'

('State Key Laboratory of Chemo and Biosensing, College of Chemistry and Chemical Engineering, Hunan University, Changsha
410012, Hunan, China; *Department of Pharmaceutical Analysis, School of Pharmacy, The Fourth Military Medical
University, Xi"an 710032, Shaanxi, China)

Abstract: The CRISPR/Cas system has emerged as a pivotal tool in molecular diagnostics due to its high specificity,
programmability, and ease of use. This review provides a comprehensive overview of the mechanistic principles,
diagnostic platform optimization, and applications of CRISPR/Cas systems in precision medicine. We begin with an
outline of the classification and molecular mechanisms of CRISPR/Cas systems, highlighting the functional differences

among Type I-VI systems. Our focus then shifts to innovative diagnostic strategies, including nucleic acid pre-
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amplification methods (e.g., SHERLOCK, DETECTR) and amplification-free approaches. These strategies have
significantly enhanced the sensitivity and specificity of molecular diagnostics, making them more efficient and reliable
than conventional techniques. The review then explores the broad clinical applications of CRISPR/Cas technology in
infectious diseases, such as pathogen screening and drug-resistance detection, demonstrating remarkable utility in
rapidly identifying pathogens and their resistance profiles. In the field of cancer research, the technology has shown
great potential in early screening and genetic variant analysis, which are crucial for developing personalized treatment
strategies. Moreover, CRISPR/Cas systems are expanding their diagnostic capabilities to include non-nucleic acid
biomarker detection, further solidifying their position as versatile tools in clinical diagnostics. The review also
addresses future directions in the field, such as the development of miniaturized devices and high-throughput intelligent
diagnostic systems. These advancements are expected to enhance portability, accessibility, and efficiency, enabling
rapid point-of-care testing in diverse settings, including resource-limited environments. The integration of CRISPR
technology with microfluidics and portable detection devices is particularly promising for enabling rapid and accurate
diagnostics at the bedside or in the field. As research continues to evolve, the ongoing refinement of CRISPR/Cas
systems is anticipated to significantly improve the accuracy, speed, and accessibility of molecular diagnostics. This
progress is expected to lead to better clinical outcomes and more effective public health responses. However, several
challenges in clinical translation must be addressed, such as standardization of sensitivity and cost reduction. This
review aims to provide a theoretical foundation for advancing CRISPR-based diagnostics in biomedical research and to
guide the future development of CRISPR/Cas technologies in molecular diagnostics, particularly in overcoming the

limitations of traditional diagnostic methods.
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Fig. 4 Schematic diagram of detection methods using the CRISPR/Cas system for precise diagnosis of infectious diseases
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(a) Schematic of T-Cas12a/EXPAR-DG4 sensing strategy for detecting ctDNA-KRAS™
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Fig.5 Application of CRISPR/Cas System in Cancer Biomarker Detection
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Fig. 6 Method for detecting proteins based on CRISPR/Cas system
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Fig. 7 Antibody/metabolite detection technologies utilizing the CRISPR/Cas system
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