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● Raw fastq, assembled files, gene prediction files

● Gff files from functionally annotation team for both genome and plasmids:
○ Merged gff files

○ Gff- Virulence factors  - VFDB [Virulence Factor Database]

○ Gff - Antibiotic resistance - CARD [Comprehensive Antibiotic Resistance 
Database]
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Information at hand - Analysis from previous groups



Information at hand - Epidemiological Data
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Percentage of food items consumed as per timeline

2019

2020
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What we tried to analyze?

Picture from:  https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1000146

https://journals.plos.org/plospathogens/article?id=10.1371/journal.ppat.1000146


Comparative Genomics Pipeline

Epidata

Provides timeline and 
source of the outbreak

ARIBA / GFF

Provides features 
relevant to outbreak 

analysis

wg MLST
SNP

PanGenome
3e

Provides detailed 
Classification 

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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• We used FastANI
• Command line:

fastANI --ql query.txt --rl ref.txt -o output.csv
• Using Listeria (serotype: 1/2a, 1/2b, 4b), Campylobacter and 

COVID-19 as reference genome.
• The result shows that Listeria (serotype: 4b) has the highest 

average ANI value.
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Average Nucleotide Identity (ANI)
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ANI results

Species Average ANI

Listeria 1/2a 99.443%

Listeria 1/2b 94.736%

Listeria 4b 99.641%

Campylobacter Below 80%

COVID-19 Below 80%
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ANI result



• Input: raw FASTQ files 
• 7 housekeeping genes
• Used existing PubMLST schema of Listeria monocytogenes

stringMLST.py --buildDB
• Output format:

stringMLST.py --predict
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Tool 1: StringMLST



Based on the traditional MLST analysis, 
there are 5 distinct sequence types among 
our 50 samples.
Listeria monocytogenes Sequence Types:       
219 (1 sample)
397 (3 samples)
1 (18 samples)
37 (16 samples)
6 (12 samples)
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Phylogenetic Tree from 7-gene StringMLST 



• 2997 loci in total, 540 loci used for cgMLST
• Input: Merged FASTA files from Gene Prediction group 
• Construct allele schema based genes from all isolates

chewBBACA.py CreateSchema

• Calling alleles from the schema

chewBBACA.py AlleleCall

• Run MLST analysis only with the loci present in 95% of the matrix

chewBBACA.py ExtractCgMLST
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Tool 2: ChewBBACA
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ChewBBACA
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Phylogenetic Tree from ChewBBACA cgMLST 
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SNP-based Typing
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Pan-genome analysis
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● Roary: 
○ Input: GFF file from PROKKA
○ Command line: roary -f output -i 95 -cd 96 -r *.gff

● BPGA:
○ Input: FASTA file from PROKKA
○ Command line interface



Pan-genome analysis

17by BPGA
# of genes in pan-genome: 4356
# of genes in core-genome: 1911

# of genes in pan-genome: 3808
# of genes in core-genome: 2080

by Roary



Pan-genome analysis

18# of genes in pan-genome: 3808
# of genes in core-genome: 2080



Pan-genome analysis
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Information extraction from merge annotated data
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Presence/Absence Matrix

Hierarchical 
Clustering (Scipy)

Voor Hees Algorithm

merged 
GFF

IDs
Online tools like Heatmapper can 
be used to generate plots to look 
at group of genes 
present/absent 



GFF analysis of Plasmids
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Hierarchical clustering of merged GFF files annoted on 
assembly files generated using plasmidSPades Unique annotations uncovered in plasmid data



Correlation of clusters with different typing analysis
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Correlation of clusters with different typing analysis
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Food source and Outbreak locations
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Distribution of outbreak and sporadic clusters across states

Interesting observation: You see Outbreak cluster(Red) and Cluster(Orange) similar to the outbreak cluster only existing in Connecticut

Chicken Salad fits the requirement for being the outbreak source for Listeria



Timeline and location of clusters
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Distribution of outbreak and sporadic clusters at the beginning of the outbreak Distribution of outbreak and sporadic clusters at the peak of the outbreak

The outbreak source is from Connecticut!



• 36 common virulence factor genes - lapB, inlJ, 
oatA, hpt, prsA2, IspA, prfA, llsY, llsB, llsH, llsG, 
llsD, llsX, lpeA, plcA, plcB , actA, pdgA, vip, hly, 
inlF, inlA, inlB, inlC, clpE,  inlP, mpl, clpP, inlK, 
iap/cwhA, fbpA, clpC, lntA, ami, lap, bsh

• 3 genes absent in outbreak group but present 
in other isolates- IIsP, gtcA, aut 

• plasmid analysis of VFDB gave lplA1 gene 
associated with plasmid.
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Outbreak Analysis - VFDB



Isolates with OUTBREAK strains  --> Antibiotic resistance genes based on GFF from functional annotation team
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Outbreak Analysis - CARD gff
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Antibiotic resistance

Database Gene Present on
Drug 

resistance
Resistance 
mechanism

AMR gene 
family Drug class

CARD FosX Chromosome Fosfomycin
antibiotic 
inactivation

fosfomycin thiol 
transferase fosfomycin

CARD msrA
plasmid or 
chromosome

Erythromycin and 
streptogramin B

antibiotic target 
protection

ABC-F 
ATP-binding 
cassette 
ribosomal 
protection protein

streptogramin, 
tetracycline, 
pleuromutilin, 
macrolide, 
oxazolidinone, 
lincosamide,  
phenicol antibiotic

CARD norB chromosome

fluoroquinolones 
and other 
structurally 
unrelated 
antibiotics like 
tetracycline. antibiotic efflux

major facilitator 
superfamily 
(MFS) antibiotic 
efflux pump

fluoroquinolone 
antibiotic

CARD

Listeria 
monocytogenes 
mprF chromosome

defensin 
resistance

antibiotic target 
alteration

defensin resistant 
mprF peptide antibiotic
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Recommendation for Antibiotic
Listeriosis treatment using Antibiotic Recommendation

β-lactam antibiotic ampicillin YES

aminoglycoside gentamicin [+ampicillin] YES

β-lactam antibiotic penicillin YES

β-lactam antibiotic amoxicillin [not used mostly] NO

allergy to penicillin trimethoprim - sulfamethoxazole YES

allergy to penicillin
vancomycin, meropenem, or a 

macrolide [not widely used] YES

alternative treatment tetracycline NO

alternative treatment erythromycin NO

alternative treatment Fosfomycin NO

alternative treatment Fluoroquinolone NO

*Cephalosporins, Chloramphenicol are not effective against Listeria monocytogenes.



• ANI analysis: ANI score

• MLST analysis: StringMLST - 7-gene mlst allele matrix, Chewbacca - cgMLST 
allele matrix, Genome Quality plot, results_statistics.tsv, results_contigsinfo.tsv 

• SNP analysis: Phylogenetic tree

• Gff file clustering : Presence absence matrix and dendrograms and tab 
delimited Gff files.
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Output to user



Comparative Genomics Pipeline

Epidata

Determined Timeline, 
location and source of 

the outbreak

GFF

Determined Virulence Factors 
and Antimicrobial Resistance of 

outbreak strains

wg MLST
SNP

PanGenome
3e

Determined Possible 
outbreak groups

7g,cg MLST
ANI

We defined 
Species/Subspecies 

clusters

Reads (FastA/FastQ)
Functional Annotations 

(GFF)

t.

Analysis Results
Recommendations to 

FDA/CDC

t.
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