
BIOINFORMATICS
APPROACHES FOR
ANALYSING
PLASMIDS……….



PLASMIDS circular or linear extrachromosomal double-stranded DNA molecules capable of self-replication in a host 

and transfer between host cells (AMR).

 They are highly variable both in length 

(from one to several hundred kilobases) 

and number of copies 

 In Enterobacteriaceae, each strain usually 

has more than one plasmid.

 Plasmid usually have repetitive sequences 

that make difficult the assembly (small 

contigs. short reads).



TOOLS 



 Assembly is challenging  ----- many small 

contigs

 Difficult to get the structure of whole 

plasmid

 Enable coverage of repetitive regions---

long contigs (whole plasmid)

 Take in consideration cost (vs short-read)
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 Curated plasmid DB (NCBI) 
ftp://ftp.ncbi.nlm.nih.gov/genomes/GENOME_REPORTS/plasmids.txt

 Filtering DB (k-mers): k-mers from DB are searched in quality-

filtered reads (mash), sequences with identity value higher than 

0.9 are extracted and used as reference for mapping. 

 Filtering DB (coverage): Plasmids with a percentage coverage < 

90% are removed from successive steps.

 Clustering: Resulted plasmids are clustered (Cd-hit), longest 

plasmids in each cluster are selected as guide for reconstruction.

https://github.com/BU-ISCIII/plasmidID

ftp://ftp.ncbi.nlm.nih.gov/genomes/GENOME_REPORTS/plasmids.txt


 Local alignment (BLAST+) of the contigs of problem sequence 

with the filtered DB. Extraction of alignments with identity higher 

than 90%. 

 Annotation of both contigs of problem sequence and plasmids 

obtained from DB (prokka) . 

 Additionally BLAST is used to identify target sequences, as Rep 

(incompatibility groups), resistance genes, virulence genes…

 Graphic representation (circus).



https://github.com/BU-ISCIII/plasmidID/wiki/Understanding-the-image%3A-track-by-track

https://github.com/BU-ISCIII/plasmidID/wiki/Understanding-the-image%3A-track-by-track


 In addition to an individual image per plasmid, 

PlasmidID provides a summary image that 

allows you to see all the detected plasmids in a 

single figure, very useful to detect possible 

redundancy in the results.

https://github.com/BU-ISCIII/plasmidID/wiki/How-to-chose-the-right-plasmids

https://github.com/BU-ISCIII/plasmidID/wiki/How-to-chose-the-right-plasmids


 Summary table: plasmids 

used as reference, the 

coverage percentage, the 

accession number and 

the plasmid ID (length, 

description)

 When more than one 

isolate are analysed, the 

table include the number 

of isolates that presented 

homology with each 

plasmid. 



 Long-reads-assembled plasmid sequences were introduced in the PlasmidID

as database and used as a template for all Illumina-sequenced isolates

 PlasmidID is used in the whole collection to identify strains that presented 

the most different plasmid profiles (combination)
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 Gain insight into the microbiological features and 

molecular epidemiology of CP K. oxytoca

 Emergence of CP K. oxytoca was principally due 

to the spread of VIM-1- and OXA-48-producing 

isolates in which these genes were carried by 

IncL, IncHI2, IncFII, and IncN plasmids. 

Pérez-Vázquez et al. AAC, May 2019



Pérez-Vázquez et al. AAC, May 2019



 Describe the phylogeny, resistome, virulome, 

and the plasmids encoding blaKPC and blaNDM

of CP-Kp strains isolated from transplanted 

inpatients.

Raro et al. Frontiers, July 2020



 Plasmids containing NDM are 

reconstructed in the main clones of 

K. pneumoniae responsible for the 

dissemination of this CP in Spain

 ST437/NDM-7, ST437/NDM-1, 

ST147/NDM-1, ST11/NDM -1 and 

ST101/NDM-1. 

 Both long read and short read 

sequencing are applied, the structure 

of 6 plasmids (IncFII, IncFIB, IncX3, 

IncR, IncN and IncC) is obtained 

 IncX3 type is shared between 

different species.

Pérez-Vázquez et al. JAC, Sep 2019. 



 Analyse the degree to which the COVID-19 pandemic 

has changed CPE status

 The aim of this research project was:  

 Characterize CP-Kpn isolates and sequence types (STs) 

in COVID-19 patients in the ICU 

 To be able to compare the epidemiological and 

microbiological characteristics of CP-Kpn isolates 

obtained during the COVID-19 pandemic with those 

obtained before the onset of the pandemic.
 Emergence of new VIM-1-producing K. 

pneumoniae clones linked to successful IncL

plasmids and a class 1 integron. 

pVIM-1_IncL_KPN_COVID

Strain_ST17
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 Plasmid reconstruction is a tricky matter 

 From our experience good results are obtained 

combining plasmidID (mapping tool) and log-reads 

data

 Not applicable (with our resources) in routine 

surveillance

SUMMARY

Laboratorio de RA

Unidad de Genómica, ISCIII

Unidad de Bioinformática, ISCIII

UTIC, ISCIII    …………………….
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