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Plasmids’ Structure

Mobile genetic elements in transmission 
of MDR
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Plasmids’ Structure

Mosaic structure and evolution of MDR 
plasmids
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Short Reads



Short Reads

 Illumina’s short reads:
1. Repeated elements in the genome and in the plasmid will lead the assembler

to break the contig.
2. Many contigs generated for one isolate.
3. Linking contigs to close the plasmid will be difficult.



Short Reads
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Short Reads



Mainstream Approach

 In-silico:
• ResFinder
• Plasmid Finder

 Scaffolding:
• Detect the contigs of interest ( harboring the desired resistance gene and possible

plasmid replicon)
• Detect overlapping ends from these contigs.
• Determine the possible plasmid ( comparing the contigs on the NCBI database or

plasmids from the same geographic region)



Disadvantages of Mainstream Approach

Papagiannitsis et al. 2017 Antimicrob Agents Chemother. 

antibiotic resistance
insertion sequence
transposon

integron
backbone genes/
insertion site of MDR region
other genes

Reschuffling of MDR region of  IncA/C2 plasmids
 with carbapenemase-encoding gene blaIMP-4

Plasticity of plasmid MDR regions

28,063-bp segment (sulfate transporter,
 alcohol dehydrogenase, ABC transporters)



Disadvantages of Mainstream Approach

Bitar et al. 2019 JGAR. 



Disadvantages of Mainstream Approach

Chudejova  et al. 2020 Frontiers in Microbiology. 



Disadvantages of Mainstream Approach

Finianos  et al. 2022 JGAR. 



Disadvantages of Mainstream Approach

Bitar  et al. 2023 Frontiers in Microbiology. 



Pilsen Approach

 In Plzen:
1. Transformation.
2. S1 PFGE
3. Sequencing of recipient and transformant.
4. Assemble Recipient
5. Map reads from transformant against reference.
6. Extract unmapped.
7. Assemble unmapped.
8. S1 PFGE

Reference genome

Mapped reads

Plasmidic contigs



Pilsen Approach

MIRA

Spades

 Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.



Pilsen Approach

 Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.



Pilsen Approach

• After the PFGE separation, the
DNA is transferred to
nitrocyttarine membranes and
hybridized with double-labeled
bla-specific probes.

 S1 analysis of blaKPC-2-positive K. pneumoniae isolates
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→Therefore, the blaKPC gene is
located in a ~100-kb patch.



Genome Assembly in Illumina

 Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.



Genome Assembly in Illumina

 Scaffolding:
1. Assembling the genome using 2 assemblers that have different pipelines.
2. Using software that will visually help solve some knots.
3. Gap-closing using PCR.
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Genome Assembly in Illumina

43 kb MDR region of 240 kb IncHI1 plasmid from Escherichia coli

Antibiotic resistance genes are shown in red
Insertion sequence IS26 as yellow box

PCR
PCRPCR

PCRPCR
PCR

PCRPCRPCR PCR PCR

Dolejska et al. J Antimicrob Chemother 2014, 69: 2388-2393.



Long Reads

https://www.pacb.com/blog/the-evolution-of-dna-sequencing-tools/. Athanasopoulou et al. Life 2022, 12(1).
 

• Short-read sequencing 
produces draft genomes with 
sequence gaps and 
incomplete assemblies

• Long-read technology 
produces reads 
10,000-100,000 bp in 
length and allow for 
the generation of 
complete genome 
assemblies

Pacific Biosciences

Oxford Nanopore



Long Reads

• Rapid, flexible, 
mobile

• Small and cheap 
unit

• Inexpensive at low 
throughput

• Simple user 
interface and 
analysis platforms 

• Higher base-call and 
overall error rate

• High throughput
• High accuracy

• Systems are large and more costly 
• Reagents are more costly 

ONT

Athanasopoulou et al. Life 2022, 12(1).

PacBio



Long Reads

Geneious 8.0 
software

Long-read (1 contig)

Short-read (18 contigs)

MDR IncHI1 plasmid (240 kb)

Chromosome (4.487) 
Mb)

Short-read (330 contigs)

Long-read (1 contig)

Valcek et al. Antimicrob Agents Chemother 2023. 65(5):e02556-2 
  



Long Reads

If not enough Nanopore 
data => Illumina reads 
fill in the gaps = high-
quality assembly
If enough Nanopore data
of poorer quality, 
possibility to result in 
duplicated sequences If not enough Nanopore data => 

fragmented to 2-3 pieces
If enough Nanopore data = high-
quality assembly

• Fast error-prone Nanopore 
sequencing

• New Q20+ chemistry - mean Q=27,6, 
mean accuracy >99% 

• Bioinformatic pipelines will require 
sstandardisation based on the 
purpose of sequencing



Long Reads
2023. 19(3): e1010905.

github.com/rrwick/perfect-bacterial-genome-tutorial

Free online tutorial at: 

https://github.com/rrwick/Perfect-bacterial-genome-tutorial
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• In-silico plasmid closing using Illumina reads is not enough.

• Downstream analysis is needed. These include but not limited to:

• Transformation ( minimizing analyzed plasmids)

• S1 PFGE (detecting plasmid approximate size)

• Assembling using different assemblers ( elongating contigs).

• Scaffolding ( using BANDAGE, or manually using BLAST)

• Sequencing using Long reads can eliminate the the downstream analysis.

• Correcting sequencing errors and correct assemblies should be taken into

consideration
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Thank You
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