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microbial composition across people was  
sufficient to partition a substantial portion  
of the gene catalog (representing ~70% of  
overall sequence reads) into thousands 
of co-abundance groups. This represents  
biologically meaningful structuring of com-
plex metagenomes with many exciting  
downstream applications.

For example, Nielsen et al.1 showed that 
larger co-abundance groups can serve as 
templates for sample-specific, whole-genome 
assembly, and they were able to assemble 
hundreds of novel microbial genomes to the 
high-quality draft standards of the Human 
Microbiome Project8. Moreover, their 
method can reveal viral genomes, whose 
small size and propensity to integrate into 
genomes of cellular organisms have greatly 
limited their identification in generic meta-
genomic samples. Perhaps most intriguingly, 
their method can also reveal subtle clonal dif-
ferences between strains of the same micro-
bial species, which could be key to sound 
interpretation of ecological, evolutionary and 
clinically relevant processes9.

To understand why strain-level resolu-
tion is important, it is worth considering that 
microbial genomes display incredible plasticity,  
evolving not only through point mutations 
or short indels but also—perhaps more  
dramatically—through gain or loss of genes or 
entire gene clusters (a process known as hori-
zontal gene transfer)10. Phylogenomic analy-
ses support a model of microbial genomes as 
mosaics of so-called ‘core’ components that 
are relatively stably maintained and ‘flexible’ 
components that can vary even among closely 
related strains11,12. Arguably the most intrigu-
ing biology may lie in the flexible regions, as 
they are often enriched for functions under-
going rapid adaptation. For example, these 
regions include surface markers involved in 
nutrient sensing, cell-to-cell communication 
or immune evasion, as well as virulence factors 
and defense mechanisms against other micro-
organisms. As we seek to better understand  

and how these constituents evolve over time. 
Despite impressive progress in methods for 
de novo assembly of metagenomes4–6, this 
remains an error-prone task, and current tools 
are difficult to apply to complex communities 
on a large scale.

Thus, analysis of metagenomic data continues 
to rely on reference genomes of cultured isolates.  
But many naturally occurring microorganisms  
are difficult to culture, and sequencing the  
complete set of genomes for a given community  
is impractical. Even for the human gut micro-
biome, from which a plethora of isolates 
have been sequenced over the years, we are  
far from having a complete catalog of spe-
cies and strains7. In this context, the method  
presented by Nielsen et al.1, which can resolve 
genomes of individual biological entities 
in complex microbial samples, represents a  
substantial advance.

The method relies on the fact that the 
relative abundance of an organism in the 
community fluctuates over time or among 
different instances of the community (e.g., 
the gut microbiomes of multiple people). 
Moreover, different parts of the same organ-
ism’s genome should rise and fall in abundance 
in concert. This idea has recently been used to 
help stitch together large, partially assembled 
fragments of whole genomes5. But Nielsen  
et al.1 have now applied it at the level of indi-
vidual genes, which simplifies the initial assem-
bly and imposes fewer assumptions on which 
genes are linked together. Their procedure uses 
repeated samplings of the community to track 
the abundance of individual genes based on 
sequence coverage. Genes displaying highly  
correlated abundance are then clustered 
together as highly likely to belong in the same 
genome (Fig. 1).

The authors used this method to perform 
exhaustive and efficient co-abundance clustering  
of a catalog of millions of genes across  
hundreds of human gut microbiomes. Although 
most of these data sets were not repeated 
samplings of the same gut, the similarity in  

Metagenomics—the sequencing of total  
microbial DNA sampled from an environ-
mental niche—has transformed the study 
of natural microbial communities and  
provided a wealth of biological insight. 
However, the difficulty of re-assembling short 
fragments of sequence derived from myriad 
organisms in a community into well-resolved 
biological entities, such as microbial species, 
viruses and plasmids, remains a key hurdle 
limiting the utility of this approach. In this 
issue, Nielsen et al.1 present a powerful method 
for interpreting metagenomic data at the level 
of individual genomes without relying on ref-
erence sequences of cultured isolates, which 
can be generated for only a small fraction of 
microbial life. They introduce a new procedure 
for leveraging the fact that genes in physical 
linkage, such as on the same chromosome,  
co-vary in abundance in the metagenome. 
Their procedure helps define the structure of 
microbial communities even in the complex 
setting of the human gut, and brings us closer to 
the ultimate goal of complete, high-resolution  
characterization of microbial diversity in  
environmental samples.

Owing to the inherent challenge in assembling  
metagenomic, short-read sequence data into 
complete, discrete genomes, metagenomics 
has typically been applied to describe micro-
bial communities in terms of the overall meta-
bolic repertoire encoded by their members’ 
genes or the relative abundance of different 
phylogenetic groups2,3. However, resolution 
at the level of individual biological entities 
is required to study how the community’s 
system properties depend on its constituents 
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The structure of complex microbial communities is resolved by considering co-variation of gene abundance.
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drivers of short-term evolutionary trajectories 
in natural microbial communities or pinpoint 
causal relationships between specific commu-
nity members and system properties, reliance  
on generic ‘species’ reference genome sequences 
may blind us to the most relevant aspects of 
genetic diversity.

Because the authors’ method focused on 
groups of genes of any size—rather than only on 
complete microbial genomes—they were able 
to detect strain-specific differences in ‘flexible’ 
gene content separately from the ‘core’ genome. 
This revealed subpopulation structures that 
have typically been obscured in metagenomic 
analyses. In fact, when the authors examined 
how genes with similarity to specific reference 
sequences were distributed across co-abundance 
groups, they found multiple instances where 
genes that were present in the same reference 
sequence ‘fragmented’ into separate groups.  

This demonstrates the pitfalls of reliance on 
reference sequences owing to variability in gene 
content among strains of the same species.

The authors also examined the co- 
occurrence of gene clusters across samples.  
Of particular interest are cases where one clus-
ter does not occur in the absence of another. 
Such cases include ‘flexible’ gene modules or 
mobile elements (such as viruses or plasmids) 
that only occur in the presence of a certain ‘core’ 
genome, presumably because they depend on it 
for their propagation. Networks of dependen-
cies observed using this method can be mined 
for potential ecological interactions, such as 
virus-host relations, or to identify promiscu-
ous associations that might result in gene flow 
between organisms. Using time-course data, 
the authors pinpoint certain clonal differences 
that seem to facilitate the persistence of their 
hosts in the gut.

Additional applications of the method 
presented by Nielsen et al.1 and its under-
lying principle can be envisioned. For exam-
ple, after co-abundance gene clustering has 
established the gene content of particular 
strains in a sample, sequence reads could 
be mapped onto that gene cluster at high 
stringency to reveal single-nucleotide vari-
ants. If time-course data were available, 
these variants could then also be grouped 
into clusters based on co-abundance, reveal-
ing even finer structures of strain diversity. 
Another application might involve associa-
tion studies correlating particular genetic 
elements with system properties, such as 
human health and disease in the case of the 
gut microbiome.

The main practical limitation of the method 
is its reliance on a fairly large number of inde-
pendent samplings of the niche (or related 
niches) to establish the statistical significance 
of observed correlations. However, the authors 
demonstrate that—similarly to differential gene 
expression analysis—sequencing depth can be 
sacrificed in favor of additional samplings and 
that far fewer than the hundred of reads used 
here will suffice for many purposes. Overall, 
this method represents an exciting advance 
in metagenomic data analysis and, along with 
other recent developments4–6, brings us a few 
steps closer to the ultimate goal of observing 
and interpreting the diversity and evolution of 
natural microbial communities at the depth 
and resolution currently possible only for  
culturable organisms.
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Figure 1  Assembling individual genomes based on clustering of co-abundant genes. A schematic 
outline of the method for assigning genes in a metagenomic sample to discrete biological entities, 
presented by Nielsen et al.1. Multiple metagenomic samples—either from the same source at 
different time points or from multiple similar sources (e.g., the gut microbiome of several people)—
are sequenced, and sequencing reads are assembled into genes (top panel). In each sample, the 
abundance of each gene is inferred using the coverage of metagenomic reads (middle panel). 
Groups of genes that show similar abundance across samples are then identified. For example, 
genes A, B and C—the purple group—all display high abundance in sample 1 and low abundance in 
samples 2 and 3. Groups of genes that co-vary in abundance are inferred as belonging to the same 
genome. Finally, all reads mapped to such co-abundance gene groups are collected and used for 
assembly of a high-quality draft genome (bottom panel). 
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that far fewer than the hundreds of samplings 
used here will suffice for many purposes. 
Overall, this method represents an exciting 
advance in metagenomic data analysis and, 
along with other recent developments4–6, 
brings us a few steps closer to the ultimate goal 
of observing and interpreting the diversity and 
evolution of natural microbial communities at 
the depth and resolution currently possible 
only for culturable organisms.

Corrected after print 8 August 2014.
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Figure 1  Assembling individual genomes based on clustering of co-abundant genes. A schematic 
outline of the method for assigning genes in a metagenomic sample to discrete biological entities, 
presented by Nielsen et al.1. Multiple metagenomic samples—either from the same source at 
different time points or from multiple similar sources (e.g., the gut microbiome of several people)—
are sequenced, and sequencing reads are assembled into genes (top panel). In each sample, the 
abundance of each gene is inferred using the coverage of metagenomic reads (middle panel). 
Groups of genes that show similar abundance across samples are then identified. For example, 
genes A, B and C—the purple group—all display high abundance in sample 1 and low abundance in 
samples 2 and 3. Groups of genes that co-vary in abundance are inferred as belonging to the same 
genome. Finally, all reads mapped to such co-abundance gene groups are collected and used for 
assembly of a high-quality draft genome (bottom panel). 
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Erratum: High-resolution metagenomics
Eran Mick & Rotem Sorek
Nat. Biotechnol. 32, 750–751 (2014); doi:10.1038/nbt.2962; published online 7 August 2014; corrected after print 8 August 2014

In the version of this article initially published, in the last paragraph, the sentence beginning, “However, the authors demonstrate that” should have 
ended with “...far fewer than the hundreds of samplings used here will suffice for many purposes”  instead of “...far fewer than the hundred of reads 
used here will suffice for many purposes.” The error has been corrected in the HTML and PDF versions of the article.
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