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Estimating the number of bacterial genomes occurring in an
assembly using single-copy genes and the ’mode’

Accurate reconstruction of bacterial genomes that occur in an assembly depends on

many factors, including the complexity of the metagenome, the number of samples

that can be exploited for differential coverage patterns for contigs, or the approach

that will generate genome bins. However, even before processing the assembly results

for binning, it is possible to acquire an estimation for the approximate number of

bacterial genomes an assembly contains.

A set of genes that are found in most bacterial genomes as a single-copy are com-

monly used to predict the completeness of bacterial genome bins identified from

metagenomic data [1, 2, 3, 4]. By relying on the same assumption, we use single-

copy genes found in an assembly as a proxy to the total number of complete bacterial

genomes the assembly contains. Our approach relies on the ’mode’ (i.e., the most

frequently occurring number) of the array of the number of single-copy gene hits

in an assembly. Three examples to elucidate the relevance of this simple statistical

metric to predict the number of genomes in an assembly follows. For each example,

we used three single-copy gene collections published by Alneberg et al. [5] with 34

genes, Creevey et al. [6] with 40 genes, and Campbell et al. [2] with 139 genes.

Gut metagenome

Sharon et al. [7] generated 11 shotgun metagenomes from daily sampling of an

infant’s gut. Figure 1 shows the occurrence of single-copy genes in the raw co-

assembly results of these data. The mode of each array of single-copy gene hits

Figure 1 Occurrence of single copy genes in Sharon et al. (2013) co-assembly. Each bar represents
the squared-root normalized number of significant hits per single-copy gene in each collection.
The same information is visualized as box-plots on the left side of each plot.
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Figure 2 Occurrence of single-copy genes in an assembly of a cultivar genome

predict 10, 9, and 10 bacterial genomes, respectively. A detailed analysis of this

dataset by Sharon et al. [7], and later our group [4] identified 12 bacterial draft

genomes, 8 of which were complete or near complete.

Cultivar genome

As a control, Figure 2 shows the analysis of an assembly that is generated from

a bacterial cultivar (unpublished). The mode in this case correctly predicts the

occurrence of a single genome in the raw assembly results.

Ocean metagenome

In contrast, Figure 3 displays the distribution of bacterial single-copy genes in

the raw assembly results of an ocean sample (unpublished). Unlike the infant gut

and cultivar assemblies, this dataset represents a much more diverse sample. Yet,

predictions from the three single-copy gene collections show remarkable stability de-

spite the increased complexity: the mode of single-copy gene hits for each collection

predicts 451, 451, and 431 genomes in this assembly, respectively.

Our results suggest that this simple metric offers a reliable first approximation to

the expected number of bacterial genomes in an assembly. This information can

be helpful to researchers who wish to gain a quick insight regarding the extent of

bacterial contamination in their eukaryotic genome assembly results. Similarly, this

information can also be useful for microbiologists as it provides a quick means to

understand the complexity of a given metagenomic assembly. Finally, it can be used

to make educated guesses for the expected number of genomes automated binning

tools should report from a given metagenomic assembly, which can be beneficial for

benchmarking and quality assurance purposes.
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Figure 3 Occurrence of single-copy genes in an assembly of an ocean sample
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