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Objectives

Specific objectives of this session:

1. Learn about Plasmids as vehicles of AMR

2. Learn about Plasmid in Outbreak situations

3. Learn about Plasmid typing principles

4. Learn how to run PlasmidFinder and to interpret the results
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Outline

This session consists of the following elements

1. Introduction to Plasmids (Presentation)

2. Explanation of PlasmidFinder output (Presentation)

3. Group exercise integrating PlasmidFinder and SNP analysis data
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Conjugation
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• Plasmids:  genetic elements that replicate 
independently of the host chromosome.

• Thousands of different plasmids are known, almost 
all of which are dsDNA, most of which are super-
coiled and circular, are vary in size from <1-2,400 
kbp.

• Different plasmids are present in cells in a particular 
number of plasmid molecules per cell = copy 
number, which can vary from 1-100+.

• Most plasmids in Gram negative bacteria replicate 
similar to the chromosome, although some replicate 
unidirectionally. Most plasmids in Gram positive 
bacteria replicate by the rolling circle mechanism 
similar to a phage.

Plasmids
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Origin of transfer (oriT)

Cryptic plasmid
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Plasmids – how are they designed?
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Plasmid can easily be gained and lost
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Outbreak of NDM-1 positive 
Citrobacter freundii ST18

Aalborg

Aalborg

Aalborg

Aalborg

Region M

Region S

SeqSphere+ software



AMA332 (AMA1443) from Patient 1  - Hematology

pT1

pT1

Name pAMA1443_4                 pT1 pAMA1443_2

AMR(BL) blaNDM-1                    blaTEM-1b 

Size 110 kb                     154 kb                          248 kb

Replicon             IncFIB(pHCM2)              IncA/C2                  IncHI2/IncHI2A 



CPO20190170 from drain on Surg. Gastro (2019)

pT2b

Name pKloak_7     pKloak_6            pT2b pKloak_4          pKloak_3                pKloak_2

AMR(BL) blaNDM-1

Size 57 kb          72 kb               92 kb 110 kb               144 kb                179 kb

Replicon FII(Cf)       IncFIB(K)          IncA/C2       IncFIB(pHCM2)     IncF1A(HI1)   IncFII(S)+IncHIA(HI1)   

pT2b



*Plasmid comparisons pT1 vs pT2b strains

pT1

Name pAMA1443_4         pT1                    pAMA1443_2

AMR(BL) blaNDM-1               blaTEM-1b 

Size 110 kb           154 kb                     248 kb

Replicon         IncFIB(pHCM2)      IncA/C2               IncHI2/IncHI2A

Name pKloak_7       pKloak_6           pT2b            pKloak_4          pKloak_3             pKloak_2

AMR(BL) blaNDM-1

Size 57 kb            72 kb               92 kb              110 kb               144 kb             179 kb

Replicon IncFII(Cf)       IncFIB(K)          IncA/C2     IncFIB(pHCM2)   IncF1A(HI1)   IncFII(S)+IncHIA(HI1)   

pT2b

AMA1443
(Hametology)

CPO20190170
(Surg. Gastro)



Patient-number (plasmids pT1 vs pT2b) 

Surg. Gastro

Hame.

Hame.

Hame.
Region M

SeqSphere+ software – Aalborg departments
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Plasmid typing



Plasmids can be mobilized
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Plasmid typing

Resistance profile

• Restriction Fragment Length Polymorphism (RFLP)

• Typing of conserved elements (replicons, MOB genes)

• Plasmid size (uncut vs. linear)

• Complete sequencing



Replicon typing (Enterobacteriales only)



Known inc groups in E. coli
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And more to come ……



BLAST PlasmidFinder database

Plasmid 
markers



Cut-off for large (>15 kb) plasmids: 95% ID, 90% Coverage

Cut-off for small (<15 kb) plasmids: 80% ID, 90% Coverage

I recommend that you always use the 80% ID cut-off…but 
remember to only report large plasmids, if they have %ID >95% 



2 databases

Use 80%

Use 90%

Large plasmids > 95% ID
Small plasmids > 80% ID
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Replicon

?

Short reads vs. Long reads



NGS output

Huge numbers of small fragments (35-500 bp)



Reference vs. de novo assembly

Known genome

Reference assembly

De novo assembly
Smaller fragments
(Unknown order)
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Illumina MiSeq system

De novo assembly
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Plasmid comparisons – Clinker tool
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…BUT models (tools) for precise
plasmid comparisons are
lacking…

…as well as knowledge about the 
speed of plasmid recombination
events. 



In summary

List of learning points in this session:

In relation to Plasmids:
• Can be acquired or lost rapidly

• Some can be typed using PlasmidFinder

In relation to Plasmids in outbreak investigations:

• Analysing plasmid types may give added resolution in outbreak investigations

• But you have to be careful in your interpretations 

• And consider to use long-read data if you want to combine AMR and plasmid analysis
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Questions?
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Thank’s for you attention


