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Listeria monocytogenes - Characteristics

Listeria Sensu stricto 
- Clade 1 - 6 species Organism infected

L.monocytogenes human pathogen

L.ivanovii animal pathogen

L.marthii
symptom free 
animals

L.innocua
symptom free 
animals

L.weshimeri
symptom free 
animals

L.seeligeri
symptom free 
animals

Listeria sensu lato  - 
Clade 2 - 11 species Organism infected

11 species
environmental 
bacteria

Image:https://www.forbes.com/sites/anagarcia
valdivia/2019/08/23/health-alert-in-spain-listeri
osis-outbreak-affects-168-people/#d21192426
807

Listeria monocytogenes

Type Gram positive

Infections caused   Listeriosis

Features   hardy organism

Evolutionary 
lineages 4

Serotypes
14 [1/2a, 1/2b, 1/2c, 
3a, 3b, 3c, 4a, 4b, 4c, 
4d, 4e, and 7]

Major serotypes
1/2a [Lineage II]
1/2b,4b [Lineage I]

Annual Infections 1600

Deaths 1 in 5 2



 

General timeline for Listeria infection

Image:https://www.cdc.gov/listeria/timeline.ht
ml
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How to establish if different isolates are part of an outbreak?

• DNA fingerprinting: PFGE vs Whole genome Sequence analysis? 

Eg: Multistate Outbreak of Listeriosis Linked to Commercially Produced, Prepackaged Caramel Apples Made from Bidart Bros. Apples [2015] - using WGS

• Listeria infection are rare -however higher fatality - 20-30% in high risk.

• Listeria initiative: provides a look at the who, where and when of Listeria 
infections 

Laboratory
[detect clusters]

Epidemiology
[link cases to source]

Traceback
[stop further spread of disease]

The Listeria WGS project was started by 
CDC, federal partners and state and local 
health department since 2013 to links WGS 
and epidemiologic data to better detect and 
investigate listeriosis outbreaks.
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Listeria monocytogenes - Genetic view 

Genetic view Size

Total Genome
2.8 - 3.2 million 
bases

GC content 39% 

core genome MLST 2014 - 2647 loci
whole genome MLST 4804 loci
Pan genome MLST 3560-6612 loci
Plasmids 14 in Listeria

• Quorum sensing and other signals cause the 
up-regulation of several virulence genes. 

Listeriosis 
treatment using Antibiotic

β-lactam 
antibiotic

amoxicillin, 
penicillin,
ampicillin

aminoglycoside gentamicin

allergy to penicillin trimethoprim - 
sulfamethoxazole

alternative 
treatment

tetracycline and 
erythromycin
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● All L.monocytogenes species in general are inherently resistant to cephalosporins, oxacillin and 
fosfomycin 

● Genes associated with virulence factors and pathogenicity islands - LIPI 1, LIPI 2, LIPI3, LIPI4

Listeria monocytogenes - Interested genes

GENE Antibiotic resistance

lmrB lincomycin resistance protein

vanA, vanB vancomycin resistance

dfrD and dfrG Trimethoprim resistance

tetA, tetK, and tetL, tetM and tetS Tetracycline resistance

emrA, emrB and emrC Erythromycin resistance 

lde gene Fluoroquinolone resistance
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Genomic approaches - Subtyping
● Genomic data can be exploited with many different bioinformatics methods.

● Whole genome approach  or Phylogenetic approach - ANI, MLST [core genome, whole genome ] and 
SNP
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ANI for Listeria
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ANI for Listeria
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Alignment-based ANI

• ANI values are based on pairwise alignment of the genome stretches.
• Reliability depends on the quantity and quality of the aligned fragment.
• We can calculate the ANI based on BLAST (ANIb) and MUMmer (ANIm)
• JSpecies is able to run BLAST-based and MUMmmer-based ANI
• Limitation: Needs a lot of time.
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Alignment-free ANI

• Fast-ANI
• Avoids expensive sequence alignments
• Uses Mashmap as its MinHash based sequence mapping engine to 
compute the orthologous mappings and alignment identity estimates

• Estimates a k-mer based Jaccard similarity
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Fast ANI
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Multilocus Sequence Typing (MLST)
• Aim

• Characterizing DNA sequence variations in bacterial isolates by focusing on 
allelic diversity across housekeeping genes (highly-conserved genes)

• Evaluating relationships between strains based on their unique allelic profiles 
or sequences (Maiden, 2006)

• Important in pathogen outbreak surveillance

• Deliverables: Allelic profiles of analyzed genes, sequence type for 
each isolate, phylogenetic tree generated with MLST output

• Types: 7-gene MLST, wgMLST, cgMLST, rMLST
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Possible Tools to Use
• MentaLIST

• Performs allele calling directly from reads, relies on existing schemas and 
allele definitions (from PubMLST and cgMLST.org) (Silva, 2018)

• Faster than other tools for larger schemas like cgMLST and wgMLST 
(“MentaLIST”)

• ChewBBACA
• Complete stand-alone pipeline including constructing and validating novel 

cg/wgMLST schemas and performing allele calling 
• De novo assemblers on complete or draft genomes
• Suitable for large scale studies

• StringMLST
• Easy and fast to run
• Self-reported 100% accuracy 

Gupta, Anuj, et al. “StringMLST: a Fast k-Mer Based Tool for Multilocus Sequence Typing.” Bioinformatics 
(Oxford, England), U.S. National Library of Medicine, 1 Jan. 2017, www.ncbi.nlm.nih.gov/pubmed/27605103.
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Exploratory tool for MLST, 7 housekeeping genes 
Utilized the existing MLST scheme from PubMLST
Very fast and efficient
Plan: Construct phylogenetic tree from this initial output to visualize the 
sequence types of isolates at hand, research heteroresistance and 
susceptibility of sequence types
First five lines of output:

Our First MLST Tool of Choice: StringMLST
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Next Tool of Choice: MentaLIST
• Existing or constructed schema

• A traditional MLST schema exists for our species on PubMLST and cgMLST 
schema exists on cgmlst.org

• Verified and comprehensive MLST schemes take time & funding
• We choose to use this existing scheme along with known phenotypic profiles 

of our samples to easily and accurately get variances in significant genes for 
26,395 strains of Listeria

• Options
• 7-gene MLST, cgMLST ---> Plan: Construct phylogenetic tree, compare with the 

tree from StringMLST output
• Detects novel alleles and their mutation(s)

• Efficiency 
• Faster than ChewbaCCa with same or better accuracy, less computational 

resources needed when running larger schemas like wgMLST (a few thousand 
loci) and cgMLST (a few hundred loci) (Feijao, 2017)
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LYVE-Listeria, Yersinia, Vibrio and Enterobacteriaceae reference lab SET
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Pan-genome analysis

● Pan-genome
○ Pan-genome: all the genes found in the given sample set
○ Core-genome: genes shared among all samples
○ Accessory genome: pan-genome minus core-genome

● Core steps of pan-genome analysis
● Biological information from pan-genome analysis
● Applications
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Pan-genome analysis

● Pan-genome
● Core steps of pan-genome analysis

○ Collection of genome data
○ Homology clustering
○ Profiling of pan- and core-genomes

● Biological information from pan-genome analysis
● Applications
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Pan-genome analysis

● Pan-genome
● Core pan-genome analysis

○ Collection of genome data
○ Homology clustering
○ Profiling of pan- and core-genomes

● Biological information from pan-genome analysis
● Applications
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Pan-genome analysis

● Pan-genome
● Core steps of pan-genome analysis
● Biological information from pan-genome analysis

○ Phylogenetic tree
○ Presence and absence of genes
○ Functional distribution of proteins

● Applications
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Tools for pan-genome analysis: Roary  

● 2015; 1045 citations.
● Input: one annotated GFF3 file per sample
● Workflow:

● Output
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Input GFF3 Filter & 
pre-cluster BLASTP Clustering

Order & 
annotate 
clusters

Protein 
sequence

Downstream 
analysis



Tools for pan-genome analysis: Roary  

● Output:
○ Profiling of pan- and core-genomes
○ Gene presence/absence matrix
○ Representative sequence for each cluster
○ Core/accessory genome phylogenetic tree
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Tools for pan-genome analysis: BPGA  

● 2016; 187 citations
● Input: one protein sequence file per sample
● Workflow:

● Output
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Input 
FASTA Clustering

Presence/
absence 
matrix

Pre-proces
sing

Downstream 
analysis



Tools for pan-genome analysis: BPGA

● Output:
○ Profiling of pan- and core-genomes
○ Representative protein sequence for each cluster
○ Gene presence/absence matrix
○ Atypical GC content
○ Gene function distribution
○ Core/accessory genome phylogenetic tree
○ ...
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Plasmids in Listeria
Number of plasmids curated: >57
Length of Listeria plasmids: 30K-100K
Number of ORFs: 35 - 100
MGEs: 9-20
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Plasmid Databases and Tools
Databases/T
ools

Year Citations Number of 
plasmids/sequences

Description Limitations

PLSDB 2019 29 13789 Sources from RefSeq, INSDC(DDBJ, 
EMBL-EBI, GenBank)

Novel, not been used for  
typing before

pATLAS 2019 6 12746 web server containing comprehensive 
information about bacterial plasmids

online, Limited functionality

pMLST 2014 1061 769 sourced from pubMLST, updated weekly no command line alternate
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ARIBA

Tools Year Citations

ARIBA(rapid antimicrobial 
resistance genotyping)

2017 156

KmerResistance 2016 60

SRST2(Short read sequence 
typing)

2014 481

● Rapid antimicrobial resistance genotyping
● Uses fastq reads and can extract information 

relevant to both Genome and Plasmids that we might 
have missed out in assemblies

Output will be compared and combined with results 
obtained from annotation group 
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Epidemiological Data Exploration

31

Percentage of food items consumed as per timeline

Number of samples/cases as per timeline

2019

2020



• Outbreak vs Sporadic Strains
• Combined analysis if clusters from MLST, SNP and ANI tools
• Compare with information received from ARIBA/SRST2 and additional 

results from Gene Prediction/Annotation Groups 

• Narrow down on the location and food source using the Epidata

• Recommendations to FDA/CDC
• List of recommended Antibiotics based on resistance profiles
• Further WGS analysis on the food source and imposing limitations on 

distribution

Comprehensive Analysis 
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Comprehensive Analysis 

Epidata

Provides timeline and 
source of the outbreak

ARIBA

Provides features 
relevant to outbreak 

analysis

wg MLST
SNP

PanGenome
3e

Provides detailed insight 

7g,cg MLST
ANI

Provides an overview of 
diversification 

Reads (FastA/FastQ)
Functional Annotations 

(GFF)

t.

Analysis Results
Recommendations to 

FDA/CDC

t.
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