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life sciences. This review focuses on recent progress in the isolation and screening technologies for
bacteria, fungi, and archaea. It systematically elucidates how the development and application of
cutting-edge isolation and screening technologies have enhanced the efficiency of isolating
previously uncultivable and rare microbial taxa. By summarizing lineage-specific strategies—such
as multi-omics targeting and single-cell precision localization for bacteria, metabolomics-guided
screening and microfluidic technology for fungi, and co-culture systems coupled with extreme-
condition cultivation for archaea—this review highlights the core value of interdisciplinary
technology integration in bridging genomic data with in situ functional validation. Finally, the
article prospectively addresses challenges in data integration and the construction of automated
workflows, thereby outlining a strategic pathway for the systematic exploration of microbial

resources.
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Single cell of laser tweezers and raman spectroscopy technology workflow
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Single cell of laser tweezers and Raman spectroscopy technology workflow.
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Table 1 Comparison of bacterial isolation and screening methods

Core screening  Representative technologies and methods Technical advantages References
strategy

Multi-omics Metagenome-assembled genomes Obtain genomic blueprints directly from environmental [13-16]
driven targeted (MAGs) analysis, genome-targeted samples, guide the rational design of culture media, and

isolation medium design have strong targeting

Single-cell Fluorescence in situ hybridization- Realize accurate identification and high-throughput [17-21]
precise fluorescence-activated cell sorting (FISH- sorting of low-abundance cells in complex communities,
localization and FACS), microfluidic sorting and break away from the dependence on cultivation

sorting

Single-cell Laser tweezers Raman spectroscopy Realize label-free, non-destructive, in-situ acquisition of ~ [22-28]
Raman system (LTRS) single-cell chemical fingerprints, and achieve functional

tweezers sorting sorting and identification of viable cells

Function- Stable isotope probing (SIP), magnetic Directly lock on viable cells with specific metabolic [29-34]

oriented in-situ
screening

nanoparticle-based targeted capture,
enrichment culture, high-throughput
screening

functions (e.g., degradation, pathogenicity) in the
environment
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Table 2 Comparison of fungal isolation and screening methods

Core screening Representative technologies and Technical advantages References
strategy methods

Microenvironment Fungal isolation chips (FiChips), Simulate natural microenvironments on chips, [35-37]
simulation and high-  microfluidic spore detection, nutrient  realize single-cell isolation culture, and significantly

throughput cultivation enrichment culture improve isolation efficiency and diversity

Artificial intelligence  Al-driven colony imaging and High throughput and efficiency, reduce human error, [38-40]
and automated identification, high-throughput colony  identify weak growth and predict interspecific

platform picking robot, growth prediction model interaction relationships

Metabolomics-driven High performance liquid Bypass time-consuming morphological [41-44]

functional screening  chromatography-mass spectrometry

(HPLC-MS/QTOF) metabolite analysis

identification, and rapidly screen and identify strains
with application potential through chemical markers
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Table 3 Comparison of archaea isolation and screening methods

Core screening  Representative technologies and Technical advantages References
strategy methods

Cultivation Automated gas pressure control Accurately reproduce and dynamically regulate extreme [11,47-51]
system precise  (GPC), high-pressure bioreactor, environments (anaerobic, high temperature), and overcome
optimization vacuum-vortex deoxygenation method bottlenecks such as oxygen sensitivity of core enzymes

Symbiotic Zoned co-cultivation on agar plates, Solve the genomic nutrient dependence of archaea by [46,52-56]
interaction co-cultivation with host bacteria, providing essential symbiotic partners or metabolites

simulation and  construction of electro-syntrophic

co-cultivation systems

Extreme Simulate the pH, salinity, temperature  Provide the basic growth foundation for special taxa by [6,57-59]
environment- and trace element composition of restoring key physicochemical factors of their native

adaptive natural habitats habitats

medium design
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