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Applications and perspectives of DNA stable-isotope probing
in metagenomics: a review
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Abstract: DNA stable-isotope probing (DNA-SIP) is a recently developed method with which the incorporation of stable isotope
from a labeled substrate is used to identify the function of microorganisms in the environment. The technique has now been used in
conjunction with metagenomics to establish links between microbial identity and particular metabolic functions. The combination of
DNA-SIP and metagenomics not only permits the detection of rare low-abundance species from metagenomic libraries but also
facilitates the detection of novel enzymes and bioactive compounds. We summarize recent progress in SIP-metagenomic techniques
and applications and discuss prospects for this combined approach in environmental microbiology and biotechnology.
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Comparison of conventional metagenomics and DNA-SIP-enabled metagenomics

Key features

Limitations

Research needs

Conventional
metagenomics

1) Allows culture-independent
analyses of microbial
communities

2) Allows the identification of
novel enzymes and bioactive
compounds from uncultivated
microorganisms in the
environment

DNA-SIP-enabled
metagenomics

1) Can establish a direct link
between identity and function
2) Less abundant ‘rare
species’ can be targeted with
the same sequencing effort

3) Reconstruction of
individual genomes is feasible
due to reduced complexity

4) Gene-mining ‘hit-rate’ is
improved

1) Heavily biased towards the most
abundant species in the
environment

2) Reconstruction of individual
genomes from large-scale
sequencing is difficult

3) Cost-ineffective

4) Low success rate of
function-based screening for
bioactive compounds from
metagenome libraries

1) Isolating sufficient DNA for
metagenomic library construction
is an issue

2) Relatively low-throughput for
DNA-SIP experiments

3) Multiple displacement
amplification (MDA) can introduce
chimeras

4) Stable-isotope labeled
compounds are not always
available and can be expensive

1) Improved bioinformatics for the
reconstruction of metabolic pathways
from massive gene-sequence datasets and
to assist binning of these sequences for
improving sequence assembly

2) Technology development for
large-scale sequencing; reducing cost

3) Automated screening methods and
technologies for function-based screening
for novel enzymes and pharmaceutically
relevant compounds

4) Better understanding of genes of
unknown function in current databases

1) Prevent chimera formation during
MDA of "C-DNA

2) Development of high-throughput
methods for DNA—SIP analysis of
multiple samples
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