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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 [ - VI systems. Our focus then shifts to innovative diagnostic strategies, including nucleic acid pre-
amplification methods (e. g., SHERLOCK, DETECTR) and amplification-free approaches. These strategies have
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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 with
infectious diseases, such as pathogen screening and drug-resistance detection, demonstrating remarkable utilization 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 basis 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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o, N MFS-CRISPR, 2 I & I 3% o (1) A1 ik
K miRNA 7, 3@ 3k & If PR FE A D £l 7 MFS-
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Fig.5 Application of the CRISPR/Cas System in Cancer Biomarker Detection
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