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Plasmid are among the principal mediators of the horizontal gene

transfer (HGT) in microbial communities. In order to assess their

impact on evolution, including the HGT across distant bacterial

taxa, we need to link them with their hosts.

Linking plasmids with their host is straightforward in the case of

genomes of isolated strains, however, it is extremely complicated

in the case of mixed bacterial communities present in natural

environments due to the difficulties to link the plasmids with their

producers and recipients

The herein developed methods can be used for identification of

promiscuous plasmids in metagenomic assemblies, which can

shed light on evolution of complex microbial communities.
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In this study, we analyzed the possibility to  link the plasmids with their host 

strains by genomic signature distances. 

A) The Euclidean distance between the relative frequencies of short length k-

mers (in our case k = 4) and for a given k-mer w, its occurrence in a contig X 

is defined as Xw and the relative frequency of this k-mer is defined as:
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Following the guidelines of Vinga & Almeida (2003), we calculated the 

Euclidean distance between the pairs of genomes:
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B) Alignment-free comparison based on exact k=14 oligonucleotide matches. 

We proposed a new distance of similarity for high values of k (k > 14) [3], 

where the value of 4k is two orders of magnitude larger than the size of the 

largest genome.
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If SX < SY, we define the similarity function SIM between two sequences as:

𝑆𝐼𝑀 𝑋, 𝑌 =
σ𝑤𝑋𝑤
𝑆𝑋

∀(𝑌𝑤 > 0)

Finally, we define the distance measure DSW as the inverse of the Similarity 

function, as follows: 

𝐷𝑆𝑊(𝑋, 𝑌) = (1 − 𝑆𝐼𝑀(𝑋, 𝑌))

We analyzed 12,061 plasmids from 8,715 strains from 16 bacterial genera from the

RefSeq NCBI database, which come from genomes of bacterial isolates with assigned

plasmids. The results showed that the plasmids assigned to their bacterial host have

significantly shorter genomic distance to their assigned host that to the non-related

bacteria. Nevertheless, for each bacterial species we identified a small set of

promiscuous plasmids that had shorter genomic distance to non-related bacterial

genomes belonging to different genera.

The results suggest that such plasmids are versatile drivers of the HGT across

genera.

PCA of the 16 bacteria with clinical interest

We compare the two distances defined between the Yersinia plasmids and the rest of the 

plasmids of the 88 strains of the Yersinia bacteria.

We compare the two distances defined between the Lactoccocus plasmids and 

the rest of the plasmids to the 74 strains of the Lactococcus bacteria
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