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Session outline
● Bacterial genetics

● Next-Generation Sequencing (NGS)

● Handling of raw data
○ Read mapping/alignment
○ De novo assembly
○ Assembly graphs

● General bacterial analyses 

● Klebsiella pneumoniae genomics
○ What do we want to know?
○ What tools can help us?

● Interactive use of Klebsiella pneumoniae genomics tools



Bacterial genetics: The bacterial genome

Genes shared among all individuals
Individual-specific or partially-shared among 

individuals

Set of all genes present in the genomes of a group of 
organisms

Note: The specific genes in these categories vary based on how many individual isolates 
are included in your sample

Pan-genome

Accessory genomeCore genome



Bacterial genetics: Mobile genetic elements

Chromosome Plasmid Transposable element Bacteriophage

Integrative conjugative element
Transfer

Conjugation



NGS: Short-read Illumina sequencing

DNA for sequencing Fragmented DNA Adapter ligated

Attached to flow cell Amplification Sequencing by synthesis



NGS: Short-read Illumina sequencing by synthesis

A  G  A  G    

A  G  A  G  

A  G  A  G  T

A  G  A  G  T

A  G  A  G  T C

TTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTAATGCGAGTATCGCTAGCTACTCCCAGGC

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGC

ATGTGTGACGATCGAAAGTTTTATGTGAATCCTTCTAGGCAGGGTTCGGAGTTTCCAGGC

DNA synthesis using fluorescently labelled nucleotides and imaging

End results: Sequencing reads

Sequencing by synthesis



Post-NGS: Raw data

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGC

AAAAAAAAAAAAA::99@::A:::??@::FAAAAAACAACAAA:::BB@?@A?::FA?
+

Label Sequence

Base = T, Q=A=25Q Scores (ASCII)

@ROFUSJP01AJDW2

?



CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCGTCAATTCATAA

Post-NGS: Read mapping alignment

Genome

Sequencing 
reads

Genome



Post-NGS: Handling raw data

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGG

AAAAAAAAAAAAA::99@::A:::??@::FAAAAAACAACAAA:::BB@?@A?::FA
+

@ROFUSJP01AJDW2

Read mapping alignment



CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCGTCAATTCATAA

Post-NGS: De novo assembly

Genome

Sequencing 
reads

Contigs

Genome



Post-NGS: Handling raw data

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGG
C
AAAAAAAAAAAAA::99@::A:::??@::FAAAAAACAACAAA:::BB@?@A?::FA
A?

+

@ROFUSJP01AJDW2

Read mapping alignment De novo assembly



Post-NGS: De novo assembly graphs

Source: R.R.Wick, https://doi.org/10.1371/journal.pcbi.1005595

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCGTCAATTCATAA

https://doi.org/10.1371/journal.pcbi.1005595
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Post-NGS: De novo assembly graphs

LONG READS

Source: R.R.Wick, https://doi.org/10.1371/journal.pcbi.1005595

https://doi.org/10.1371/journal.pcbi.1005595


Oxford Nanopore sequencing



Post-NGS: De novo assembly - long and short reads

Genome

Sequencing 
reads

Short read

Genome

Long read

Hybrid assembly

CCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCCGTCAATTCATTTAAGTTTTAACCTTCTAGGCATCGTTCCGGGTACTCCCAGGCCGTCAATTCA
TAA



Post-NGS: De novo assembly graphs

Source: R.R.Wick, https://doi.org/10.1371/journal.pcbi.1005595

https://doi.org/10.1371/journal.pcbi.1005595


Identify genes of interest
MLST

● 7 ‘housekeeping’ genes
● Identify ST from schemes 

Several databases for identification of known genes

● AMR: ResFinder, ARG-ANNOT, CARD, NCBI AMR
● Plasmids: PlasmidFinder, Plasmid Atlas
● Virulence factors: Virulence Finder, Virulence Factor

BLAST®  is useful for

● Searching for one (or more) particular gene(s) of interest
● Querying a contig sequence from your assembly to identify gene content
● Querying flanking regions of identified gene(s) to determine location

Things to be aware of

● Sequence coverage and identity
● Only partial match - on contig ends?



Klebsiella pneumoniae genomics: what do we want to know? 
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Klebsiella pneumoniae genomics: what do we want to know? 

● Species confirmation
● Lineages / clonal groups (multi-locus sequence types)

Reproduced from Holt et al PNAS 2015



Klebsiella pneumoniae genomics: what do we want to know? 

● Species confirmation
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● Resistance genes / mutations



Klebsiella pneumoniae genomics: what do we want to know? 

From Wyres & Holt Tends Microbiol 2016



Klebsiella pneumoniae genomics: what do we want to know? 

● Species confirmation
● Lineages / clonal groups (multi-locus sequence types)
● Resistance genes / mutations
● Virulence loci



Klebsiella pneumoniae virulence determinants 

NOTE: 
Core virulence determinants 
e.g. mrk (type 3 fimbriae), ent 
(siderophore)



Finding the genes: Klebsiella pneumoniae BIGSdb 
http://bigsdb.pasteur.fr/klebsiella/klebsiella.html



Finding the genes: SRST2

Inouye et al Genome Med 2014

https://github.com/katholt/srst2

Statistical tests



Klebsiella pneumoniae virulence determinants 

NOTE: 
Core virulence determinants 
e.g. mrk (type 3 fimbriae), ent 
(siderophore)



Klebsiella pneumoniae capsule (K) loci 

Wyres et al MGen 2016



Typing Klebsiella pneumoniae capsule (K) loci 

Wyres et al MGen 2016



Klebsiella pneumoniae genomics: what do we want to know? 

● Species confirmation
● Lineages / clonal groups (multi-locus sequence types)
● Resistance genes / mutations
● Virulence loci
● Where are the resistance and virulence genes?



Why do we care about gene location? 

Gene

Transposon

Within a transposon

On a plasmid

Plasmid moves 
between cells

Resistance and 
virulence genes can 

spread



Finding resistance plasmids 



Finding resistance plasmids 



Finding resistance plasmids 

Long reads and hybrid assembly can help!

E.g. Wick et al MGen 2017 (protocol)
E.g. Wick et al PLoS Comp Biol 2017 
(Unicycler hybrid assembly)

https://github.com/rrwick/Unicycler/



Klebsiella pneumoniae virulence locus context: yersiniabactin (ybt) 

Chromosomally located within an 
integrative conjugative element (ICE)



Klebsiella pneumoniae virulence locus context: yersiniabactin (ybt) 

Lam et al. bioRxiv 2018



Klebsiella pneumoniae virulence locus context: salmochelin and 
aerobactin

Co-located on virulence plasmid 



Klebsiella pneumoniae virulence locus context: rmpA/rmpA2

Co-located with iro and iuc 



Klebsiella pneumoniae has multiple virulence plasmids

● Two plasmids published to-date; pK2044 most common

● At least 15 virulence plasmids in total (Lam et al unpublished)



Klebsiella pneumoniae genomics: what do we want to know? 

● Species confirmation
● Lineages / clonal groups (multi-locus sequence types)
● Resistance genes / mutations
● Virulence loci
● Where are the resistance and virulence genes?



● Species confirmation

● Chromosomal MLST

● Resistance genes

● Virulence genes + context



Demos and interactive examples

www.nor-kleb.net/precourse.php 

http://www.nor-kleb.net/precourse.php

