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Overview and investigation method development of microbe-
associated dark matter
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Abstract: The dark matter of microbes, encompassing uncultivated microbial taxa and unknown
biological features, has been widely accepted by microbiologists. With the advancement of
microbial investigation methods, a series of dark matter concepts related to microbes have been
successively proposed, and numerous research advances in this field have been well-documented.
However, these concepts exhibit complex and overlapping connotations, and their inherent
connections and distinctions have not yet been clearly clarified. This review work systematically
summarizes the current conceptual frameworks of different dark matter types of microbes and
analyzes the relevant investigation methodologies and their development trends. This article will
help researchers in the microbial resource field gain a clearer understanding of the conceptual
connotation and current research status of microbe-associated dark matter and promote the in-depth

development of dark matter resource mining.

Keywords: microbial resources; dark matter; microbial dark matter; gene resources
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Table 1 Concepts and illumination methods of “dark matter” of microbial sequence features
Concept name Object Sources Ilumination methods References
Metagenomic DNA sequence Metagenomes Sequence annotation [18]
dark matter
MDM Microbial species, strains, and Environmental Meta-omic profiling analysis, single- [11]
genomes samples and cell genomics, single-cell Raman,
metagenomes culturomics, isolation chip, single-cell-
level microfluidics, and cross-feeding
Genomic Proteins Proteins and genes Genomes of cultivated Sequence annotation, genetic [40]
dark matter (including microorganisms manipulation, expression, and
microproteins) purification
Dark matter ~ Proteins Proteins and genes MDM Sequence annotation and heterologous  [35]
proteins (including biosynthesis
microproteins)
Functional Proteins Proteins and genes Metagenomes Sequence annotation and structural [41]
dark matter (including clustering
microproteins)
Dark matter ~ Proteins Microproteins Genomes of cultivated ~Genetic manipulation, expression, and  [42]
of proteomes  (including microorganisms purification
microproteins)
Metabolic Natural products and BGCs Genomes of cultivated Chemical synthesis and heterologous [43]
dark matter microorganisms and biosynthesis
metagenomes
(involving MDM)
Chemical Natural products and BGCs Genomes of cultivated Chemical synthesis and heterologous [43]
dark matter microorganisms and biosynthesis
metagenomes
(involving MDM)
Dark matter ~ Natural products and BGCs Genomes of cultivated Chemical synthesis and heterologous [39]
metabolites microorganisms and biosynthesis
metagenomes
(involving MDM)
Dark matter ~ Natural products and BGCs Genomes of cultivated Chemical synthesis and heterologous [39]
natural microorganisms and biosynthesis
products metagenomes
(involving MDM)
Biosynthetic =~ Natural Secondary Genomes of cultivated Chemical synthesis, heterologous [44]
dark matter products and  metabolites microorganisms biosynthesis, and signal-induced
BGCs (belonging to expression enhancement
natural products)
and BGCs
CRISPR dark Non-coding Spacer sequences  Genomes of cultivated Sequence annotation [45]
matter sequences microorganisms
Dark matter ~ Non-coding Non-coding RNA  Genomes of cultivated Genetic manipulation [46]
of microbial ~ sequences microorganisms
transcriptomes

MDM: Microbial dark matter; BGCs: Biosynthetic gene clusters.
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