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ABSTRACT: Pan-genome analysis can identify the core genome, which is 

the total number of genes present in all strains of a bacterial species. Further 

essential genes can be identified in this core set of genes which gives us a 

minimal number of genes required for the survival of the bacteria. This set of 

genes can be analyzed to develop new antimicrobial agents against 

pathogenic, multidrug-resistant bacteria such as Listeria monocytogenes 

which causes several primary and secondary infections in humans. Pan-

genome analysis of 38 strains of Listeria monocytogenes was performed to 

estimate 2331 genes in core genome, 1056 genes in the dispensable genome, 

and 152 genes in the strain-specific genome. Essentiality analysis of 2331 

core genome proteins predicted 965 essential core-genome families 

(ECGFs). Furthermore, the identification of host non-homologous proteins 

using BLASTP with the Homo sapiens proteome resulted in 485 non-

homologous essential core-genome families (NH-ECGFs). These putative 

proteins can be analyzed to identify novel drug targets that could generate 

broad-spectrum, safe and effective therapeutic agents against Listeria 

monocytogenes infections in humans. 

INTRODUCTION: Listeria monocytogenes is a 

rod-shaped, Gram-positive, food-borne pathogenic 

bacterium that is responsible for listeriosis, CNS 

infection, sepsis, liver infection, meningitis, spleen 

infection, premature birth and abortions 
1
. Several 

immune response-based diseases such as 

Inflammatory Bowel Disease (IBD) and 

Rheumatoid Arthritis (RA) have also been 

associated with Listeria monocytogenes infections 
2, 3

.  
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Listeria monocytogenes infect humans through the 

intake of contaminated food and cause primary 

infection in the intestines. It invades the intestinal 

epithelium barrier and enters the bloodstream, from 

where it causes secondary infections at numerous 

sites such as the spleen, bones, liver, brain etc. 
1
 

The regular treatment for Listeria infections was 

administration of antibiotics such as penicillin G 

and/or ampicillin along with aminoglycosides such 

as gentamicin or kanamycin.  

Most Listeria monocytogenes strains were 

susceptible to antibiotics, but soon drug resistance 

was observed against tetracycline in 1988. 

Subsequently, many multidrug-resistant Listeria 

monocytogenes have been isolated from the 

environment, food samples and human gut/stool 

samples 
4, 5

. 
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Due to easier, quicker and cost-effective 

sequencing facilities, the sequenced microbial 

genome number has increased drastically over the 

last two decades. The pan-genome concept was 

defined by Tettelin and his co-workers as the 

complete set of genes present in any bacterial 

species. The pan-genome was further classified into 

core genome (genes present in all strains of a 

bacterial species), dispensable genome (genes 

found in two or more strains but not all strains of a 

bacterial species) and strain-specific genome 

(genes found exclusively in one strain) 
6
. The pan-

genome analysis has been employed previously in 

several bacterial species such as Campylobacter 

jejuni 
7
, Escherichia coli 

8
, Campylobacter 

9
, 

Salmonella enterica 
10

 and Vibrio 
11

. This pan-

genome analysis concept can be employed to 

identify novel drug targets in pathogenic bacteria, 

as performed in this study. Such studies have been 

previously performed in several bacterial species 

such as Pseudomonas aeruginosa 
12

, Acinetobacter 

baumannii 
13

, Clostridium botulinum 
14

, 

Helicobacter pylori 
15

, Salmonella enterica 
16

, 

Streptococcus pneumonia 
17

. 

Here we present findings of comparative analysis 

of 38 Listeria monocytogenes strains known for 

causing infections in the human host and present 

their pan genome (including details of core 

genome, dispensable genome and strain specific 

genome). The core genome was analyzed for 

essentiality and non-homology with human host to 

identify non-homologous conserved essential genes 

of Listeria monocytogenes. This was used to 

predict putative drug targets that could be used to 

generate broad-spectrum, safe and effective 

therapeutic agents against Listeria monocytogenes 

infections in humans. 

MATERIAL AND METHODS: 

Genomes and Gene Annotations: A total number 

of 4513 genomes are available for Listeria 

monocytogenes at the National Centre for 

Biotechnology Information (NCBI, 

www.ncbi.nlm.nih.gov/genome/browse/), which 

consists of 289 complete genomes, 70 

Chromosome, 2764 Contig, and 1390 Scaffold 

sequences. A total of 38 complete genome 

sequences (as listed in Table 1) were selected for 

this study, including Listeria monocytogenes strains 

from serotype 1/2a, serotype 1/2b and serotype 4b 

only, as these serotypes are known for causing 

infection in humans 
18

. These strains cause 

infection in humans through non-vegetarian, dairy, 

and vegetarian sources 
19

. The genomic features of 

these 38 genomes are presented in Table 1. 

TABLE 1: GENOMIC FEATURES OF THE LISTERIA MONOCYTOGENES STRAINS INCLUDED IN THIS STUDY 

S. 

no. 

Organism Name Organism 

Groups 

Strain Genes Level Assembly Size 

(Mb) 

GC% CDS 

1 Listeria monocytogenes 

serotype 1/2a str. 08-6569 

Bacteria; 

Terrabacteria 

group; Bacillota 

08-6569 3,088 Complete GCA_000

513595.1 

3.03 38 2,991 

2 Listeria monocytogenes 

serotype 1/2a str. 08-6997 

Bacteria; 

Terrabacteria 

group; Bacillota 

08-6997 3,088  

Complete 

GCA_000

513635.1 

3.03 

 

38 2,991 

3 Listeria monocytogenes 

serotype 1/2a str. 10-0815 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0815 3,088 Complete GCA_000

513655.1 

3.03 38 2,991 

4 Listeria monocytogenes 

serotype 1/2a str. 08-6056 

Bacteria; 

Terrabacteria 

group; Bacillota 

08-6056 3,087  

 

GCA_002

213585.1 

3.03 38 2,990 

5 Listeria monocytogenes 

serotype 1/2a str. 98-2035 

Bacteria; 

Terrabacteria 

group; Bacillota 

98-2035 3,084 Complete GCA_002

213705.1 

3.03 38 2,985 

6 Listeria monocytogenes 

serotype 1/2a str. 99-6370 

Bacteria; 

Terrabacteria 

group; Bacillota 

99-6370 3,084  

 

GCA_002

213725.1 

3.03 

 

38 2,985 

7 Listeria monocytogenes 

serotype 1/2a str. 95-0093 

Bacteria; 

Terrabacteria 

group; Bacillota 

95-0093 3,041 Complete GCA_002

213685.1 

3 38 2,943 

8 Listeria monocytogenes 

serotype 1/2a str. 04-5457 

Bacteria; 

Terrabacteria 

group; Bacillota 

04-5457 3,038  

 

GCA_002

213565.1 

3 38 2,939 

http://www.ncbi.nlm.nih.gov/genome/browse/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279169
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279169
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513595.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513595.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/279169%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2008-6569/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279171
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279171
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513635.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513635.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/279171%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2008-6997/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279172
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279172
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513655.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513655.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/279172%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0815/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322495
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322495
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213585.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213585.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322495%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2008-6056/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322501
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322501
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213705.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213705.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322501%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2098-2035/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322502
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322502
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213725.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213725.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322502%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2099-6370/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322500
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322500
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213685.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213685.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322500%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2095-0093/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322494
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322494
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213565.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213565.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322494%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2004-5457/
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9 Listeria monocytogenes 

serotype 1/2a str. 08-7374 

Bacteria; 

Terrabacteria 

group; Bacillota 

08-7374 3,038 Complete GCA_002

213605.1 

3 38 2,939 

10 Listeria monocytogenes 

serotype 1/2a str. 10-1321 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-1321 3,039 Complete 

 

GCA_002

213665.1 

3 38 2,941 

11 Listeria monocytogenes 

serotype 1/2a str. 10-5024 

Bacteria; 

Terrabacteria 

group; Bacillota 

1141293 3,038 Complete GCA_002

213905.1 

3 38 2,940 

12 Listeria monocytogenes 

serotype 1/2a str. 10-0814 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0814 3,038 Complete 

 

GCA_002

214045.1 

3 38 2,939 

13 Listeria monocytogenes 

serotype 1/2a str. 02-5993 

Bacteria; 

Terrabacteria 

group; Bacillota 

02-5993 3,038 Complete GCA_002

213545.1 

3 38 2,939 

14 Listeria monocytogenes 

serotype 1/2a str. 10-1047 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-1047 3,036 Complete 

 

GCA_000

513675.1 

3 38 2,942 

15 Listeria monocytogenes 

serotype 1/2a str. 10-1046 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-1046 3,032 Complete GCA_002

213645.1 

3 38 2,936 

16 Listeria monocytogenes 

serotype 1/2a str. 88-0478 

Bacteria; 

Terrabacteria 

group; Bacillota 

88-0478 3,039 Complete GCA_000

513695.1 

2.99 38 2,943 

17 Listeria monocytogenes 

serotype 1/2a str. 08-7669 

Bacteria;Terraba

cteria group; 

Bacillota 

08-7669 2,973 Complete GCA_002

213625.1 

2.95 38 2,877 

18 Listeria monocytogenes 

serotype 1/2a str. 10-0812 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0812 2,967 Complete 

 

GCA_002

214125.1 

2.94 38 2,879 

19 Listeria monocytogenes 

serotype 1/2a str. 10-0813 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0813 2,967 Complete GCA_002

214145.1 

2.94 38 2,878 

20 Listeria monocytogenes 

serotype 1/2a str. 10-4754 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-42677 2,927 Complete GCA_002

213805.1 

2.91 

 

38 2,833 

21 Listeria monocytogenes 

serotype 1/2a str. 10-4758 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-44138 2,926 Complete GCA_002

213825.1 

2.91 38 2,832 

22 Listeria monocytogenes 

serotype 1/2a str. 10-0933 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0933 2,866 Complete GCA_002

213845.1 

2.87 

 

38 2,770 

23 Listeria monocytogenes 

serotype 1/2a str. 10-0934 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0934 2,867 Complete GCA_002

213865.1 

2.87 38 2,773 

24 Listeria monocytogenes 

serotype 1/2b str. 10-0810 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0810 3,037 Complete 

 

GCA_002

214085.1 

3.02 38 2,940 

25 Listeria monocytogenes 

serotype 1/2b str. 10-0811 

Bacteria; 

Terrabacteria 

group; Bacillota 

10-0811 3,037 Complete GCA_002

214105.1 

3.02 38 2,940 

26 Listeria monocytogenes 

serotype 4b str. 02-1103 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-1103 2,982 Complete 

 

GCA_002

213885.1 

2.98 

 

37.9 2,880 

27 Listeria monocytogenes 

serotype 4b str. F2365 

Bacteria; 

Terrabacteriagro

up; Bacillota 

4b F2365 2,894 Complete GCA_000

008285.1 

2.91 38 2775 

28 Listeria monocytogenes 

serotype 4b str. 02-1103 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-1103 2,982 Complete GCA_002

213885.1 

2.98 37.9 2880 

29 Listeria monocytogenes 

serotype 4b str. 02-1289 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-1289 2,982 Complete GCA_002

213925.1 

2.98 37.9 2880 

https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322496
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322496
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213605.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213605.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322496%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2008-7374/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322499
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322499
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213665.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213665.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322499%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-1321/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322511
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322511
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213905.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213905.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322511%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-5024/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322517
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322517
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214045.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214045.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322517%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0814/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322493
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322493
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213545.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213545.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322493%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2002-5993/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279173
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279173
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513675.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513675.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/279173%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-1047/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322498
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322498
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213645.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213645.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322498%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-1046/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279174
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=279174
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513695.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_000513695.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/279174%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2088-0478/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322497
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322497
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213625.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213625.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322497%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2008-7669/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322655
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322655
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214125.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214125.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322655%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0812/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322656
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322656
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214145.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214145.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322656%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0813/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322506
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322506
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213805.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213805.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322506%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-4754/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322507
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322507
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213825.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213825.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322507%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-4758/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322508
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322508
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213845.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213845.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322508%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0933/
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213865.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213865.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322509%7CListeria%20monocytogenes%20serotype%201~2F2a%20str.%2010-0934/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322653
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322653
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214085.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214085.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322653%7CListeria%20monocytogenes%20serotype%201~2F2b%20str.%2010-0810/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322654
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322654
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214105.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002214105.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322654%7CListeria%20monocytogenes%20serotype%201~2F2b%20str.%2010-0811/
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322510
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=322510
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213885.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_002213885.1
https://www.ncbi.nlm.nih.gov/genome/browse/#!/proteins/159/322510%7CListeria%20monocytogenes%20serotype%204b%20str.%2002-1103/
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30 Listeria monocytogenes 

serotype 4b str. 02-1792 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-1792 2,982 Complete GCA_002

213945.1 

2.98 37.9 2880 

31 Listeria monocytogenes 

serotype 4b str. 81-0592 

Bacteria; 

Terrabacteriagro

up; Bacillota 

81-0592 2,985 Complete GCA_002

214005.1 

2.98 38 2882 

32 Listeria monocytogenes 

serotype 4b str. 10-0809 

Bacteria; 

Terrabacteriagro

up; Bacillota 

10-0809 2,982 Complete GCA_002

214065.1 

2.98 38 2879 

33 Listeria monocytogenes 

serotype 4b str. 81-0861 

Bacteria;Terraba

cteriagroup;Bacil

lota 

81-0861 2,983 Complete GCA_000

513615.1 

2.97 38 2868 

34 Listeria monocytogenes 

serotype 4b str. 81-0558 

Bacteria; 

Terrabacteriagro

up; Bacillota 

81-0558 2,979 Complete GCA_002

213985.1 

2.97 38 2876 

35 Listeria monocytogenes 

serotype 4b str. CLIP 

80459 

Bacteria; 

Terrabacteriagro

up; Bacillota 

Clip8045

9 

2,889 Complete GCA_000

026705.1 

2.91 38.1 2783 

36 Listeria monocytogenes 

serotype 4b str. 02-6679 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-6679 2,883 Complete GCA_002

213505.1 

2.91 38 2788 

37 Listeria monocytogenes 

serotype 4b str. 02-6680 

Bacteria; 

Terrabacteriagro

up; Bacillota 

02-6680 2,883 Complete GCA_002

213965.1 

2.91 38 2788 

38 Listeria monocytogenes 

serotype 4b str. LL195 

Bacteria; 

Terrabacteriagro

up; Bacillota 

LL195 2,890 Complete GCA_000

318055.1 

2.90 38 2776 

This information has been collected from the NCBI database (www.ncbi.nlm.nih.gov/genome/browse/). CDS: Protein Coding 

Sequence. 

Pan-genomic Analysis: CMG-biotools program 

was used to determine the pan-genome of 38 

Listeria monocytogenes 
10, 20

. Proteomes were 

constructed for all 38 genomes and pair-wise 

proteome comparison was performed using 

BLASTP algorithm (Protein-protein Basic Local 

Alignment Search Tool) to see if two proteins are 

shared among genomes 
21, 22

. Any two proteins 

were considered to be conserved or be in the same 

family if they follow the “50/50 rule” that says 

50% of the alignment contain identical matches and 

the length of the alignment is 50% of the longest 

gene (50% identity/50% gene length). A number of 

new genes was recorded at the sequential addition 

of every new genome. Each new gene was 

compared to the existing genome representative 

using the 50/50 rule. If the new gene satisfies the 

50/50 rule, it becomes a core or pan gene family. 

Genes not fulfilling this criterion were assigned a 

unique family (singletons) 10, 20
. The terms gene(s) 

and protein(s) are used interchangeably in this 

paper. 

Identification of Essential Core-genome Families 

(ECGFs): The protein sequences from the core 

genome families (obtained from the pan-genome 

analysis) were further subjected to BLASTP 

analysis against the database of essential genes 

(DEG; http://www.essentialgene.org/) 
23

. The 

criteria of essentiality are as follows: evalue< 1e-

10, bit score ≥ 100 and percentage identity ≥ 35 
24, 

25
. The protein sequences that satisfied the 

essentiality criteria were considered essential core 

genome families (ECGFs). The essential gene set is 

important to determine the cellular processes 

crucial to the organism's existence. Identifying 

ECGFs is important for developing broad-spectrum 

drug targets, as targeting these proteins will 

produce lethal phenotypes.  

Identification of Non-homologous Essential 

Core-genome Families (NH-ECGFs): The protein 

sequences of ECGFs were subjected to BLASTP 

analysis with the Homo sapiens proteome. The 

protein sequences with an e-value cut-off of < 1e-4 

were considered homologous to the pathogen and 

excluded from the study. The protein sequences 

without a hit under this criterion were considered to 

have no significant homolog in Homo sapiens 

selected for further analysis as non-homologous 

essential core-genome families (NH-ECGFs) 24
. 

Subcellular Localization of NH-ECGFs 

Proteins: PSORTb version 3.0 

http://www.essentialgene.org/
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(http://www.psort.org/psortb) was used to predict 

the precise bacterial protein subcellular localization 

(SCL) for the NH-ECGFs proteins obtained at the 

previous step. It predicted four localizations: 

cytoplasmic, cytoplasmic membrane, cell wall and 

extracellular for our Gram-positive pathogenic 

bacteria 
26

. The research design for this study has 

been presented in Fig. 1. 

 
FIG. 1: RESEARCH DESIGN

RESULTS AND DISCUSSION: 

Genomes and Gene Annotations: 4517 genomes 

for species Listeria monocytogenes are available at 

NCBI and Listeria monocytogenes EGD-e is the 

reference genome in this study. The Listeria 

monocytogenes genome has a median total length 

of 2.97225 (Mb); median protein count of 2896 and 

a median GC% of 37.9. The genomic features for 

the selected 38 strains are compiled in Table 1. 

These 38 strains are the complete genomes 

available at NCBI, belonging to the serotype 1/2a, 

serotype 1/2b and serotype 4b. These serotypes are 

known to cause human infections and were 

therefore selected for this study.  

Pan-genomic Analysis: The pan-genome analysis 

for our 38 Listeria monocytogenes strains 

performed by CMG-biotools revealed the pan 

genome size of 3539 genes (i.e. the total number of 

gene families present for the selected genomes). 

The pan-genome was further classified into core 

genome (genes present in all strains of a bacterial 

species), dispensable genome (genes found in two 

or more strains but not all strains of a bacterial 

species), and strain-specific genome (genes found 

exclusively in one strain) 6
. These 3539 gene 

families were further bifurcated to 2331 genes in 

the core genome (66% of the pan-genome); 1056 

genes in the dispensable genome (30% of the pan-

genome); and 152 genes in the strain-specific 

genome (4% of the pan-genome) (as presented in 

Table 2). These gene families have been further 

classified into annotated proteins (APs) and 

hypothetical Proteins (HPs). APs are the proteins 

whose structural and functional information has 

been deduced along with sequencing through 

several analysis, comparison, and mining 

techniques. Whereas, HPs are the proteins that are 

predicted to be expressed but no experimental 

evidence of their translation or existence has been 

presented 
27

. HPs are important, as they fall into 

http://www.psort.org/psortb
https://www.ncbi.nlm.nih.gov/genome/159?genome_assembly_id=159660
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functional gene families and might be linked with 

several human diseases. Regardless of the lack of 

their functional characterization, they might play a 

significant role in understanding physiological and 

biochemical pathways 
28, 29

. The core genome 

family in our analysis consisted of 1553 APs (67%) 

and 778 HPs (33%). The dispensable and strain-

specific genome analysis gave 862 APs; 194 HPs 

and 138 APs; 14 HPs, respectively Table 2.  

TABLE 2: DETAILS OF PAN-GENOME FOR SELECTED 38 STRAINS OF LISTERIA MONOCYTOGENES 

Genomes of 38 strains of Listeria monocytogenes (Pan genome size 3539  genes) 

Core genome 2331 gene families 

(66%) 

Dispensable genome 1056 gene 

families (30%) 

Strain-specific genome 152 gene families 

(4%) 

Annotated 

proteins (APs) 

Hypothetical 

Proteins (HPs) 

Annotated 

proteins (APs) 

Hypothetical 

Proteins (HPs) 

Annotated 

proteins (APs) 

Hypothetical Proteins 

(HPs) 

1553 

(67%) 

778 

(33%) 

862 

(82%) 

194 

(18%) 

138 

(91%) 

14 

(9%) 
 

The core genome was selected for further analysis 

to find putative drug targets. These gene families 

are present in all the strains of pathogenic Listeria 

monocytogenes and could be targeted to develop 

broad-spectrum drugs active against all these 

infectious strains. The list of all the 2331 gene 

families (and their details) of the core genome has 

been provided in Supplementary Table 1.  

Essentiality Analysis (ECGFs): Essential genes 

are the minimal number of genes obligatory for any 

organism's survival 
30

. Essential genes have been 

determined for 48 bacterial species and have been 

listed in the Database of Essential Genes (DEG). 

The essential genes list can be directly extracted for 

these organisms and BLAST analysis can be 

performed. Alternatively, a common list of 

prokaryotic essential genes can be used to analyze 

other organisms not listed in DEG. (DEG; 

http://www.essentialgene.org/).  This essentiality 

test was performed on 2331 proteins of the core 

genome and 965 proteins were found to be 

essential, referred to as essential core-genome 

families (ECGFs) Table 3. Out of these 965 

ECGFs, 853 proteins were APs and 112 proteins 

were found to be HPs (presented in Table 3). The 

essential gene set is important to determine the 

cellular processes critical to the organism's 

existence.  

The knockout of any essential bacterial gene can 

produce lethal phenotypes, so the essential genes 

may act as significant drug targets 
23, 31

. This can 

also be exploited to generate specific drug targets 

or vaccines against multidrug-resistant strains such 

as Listeria monocytogenes. Some essential genes 

may be conserved over several related species and 

are potential targets for the development of broad-

spectrum antibiotics 
23, 32

. The complete list and 

details of the 965 ECGFs have been presented in 

Supplementary Table 2. 

TABLE 3: DETAILS OF ESSENTIAL CORE-GENOME FAMILIES (ECGFS) AND NON-HOMOLOGOUS 

ESSENTIAL CORE-GENOME FAMILIES (NH-ECGFS) OBTAINED BY PERFORMING BLASTP OF CORE 

GENOME WITH DEG AND HUMAN PROTEOME RESPECTIVELY 

Core genome: 2331 gene families 

Essential core-genome families (ECGFs) 965 Non-homologous essential core-genome families (NH-ECGFs) 485 

No. of Hypothetical 

Proteins (HPs) 

No. of Annotated 

proteins (APs) 

No. of Hypothetical Proteins 

(HPs) 

No. of Annotated proteins 

(APs) 

112 

(12%) 

853 

(88%) 

21 

(4%) 

464 

(96%) 

 

Analysis of Human Non-homologous (NH-

ECGFs): The 965 ECGFs obtained from the 

previous step were then compared (BLASTP) with 

the Homo sapiens proteome to identify host non-

homologous proteins, which can be the potential 

drug targets. Proteins that do not show any 

significant homology to the host Homo sapiens 

proteome may act as effective drug targets as these 

drug/vaccine candidates have reduced risk of any 

unnecessary interaction with the host proteins. 

Hence, these drugs will be harmless and not 

adversely affect the human host metabolism. Out of 

the 965 ECGFs, 485 were found non-homologous 

to the Homo sapiens proteome and were referred as 

http://www.essentialgene.org/
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Non-homologous essential core-genome families 

(NH-ECGFs). Further, 464 NH-ECGFs were 

annotated and rest 21 were hypothetical proteins, as 

compiled in Table 3. The list of 485 NH-ECGFs 

has been provided in Supplementary Table 3. 

Subcellular Localization Analysis: Subcellular 

localization of the 485 NH-ECGFs was determined 

using PSORTb version 3.0. Out of 485 NH-ECGFs, 

PSORTb predicted 352 as cytoplasmic protein, 109 

ascytoplasmic membrane protein; 1 as extracellular 

protein, whereas 23 proteins remained with 

unknown localization. No proteins were found to 

be localized in the bacteria's cell wall (as depicted 

in Fig. 2). The complete detail of the subcellular 

localization of 485 NH-ECGFs has been compiled 

in Supplementary Table 4. Subcellular localization 

of the putative drug target is important as it may 

provide important information about the function of 

these proteins. Cytoplasmic proteins are more 

favourable drug targets as they have plenty of 

enzymes, whereas membrane-bound and 

extracellular proteins are suitable as vaccine targets 
33

. 

 
FIG. 2: SUBCELLULAR LOCALIZATION OF THE 

PREDICTED NH-ECGFS PROTEINS USING PSORTB 

VERSION 3.0. 

CONCLUSION: In this study, we identified 

putative drug targets for serotypes of Listeria 

monocytogenes which are known to cause 

infections in humans. Core genome proteins were 

targeted for this, which was further subjected to 

essentiality analysis to find broad-spectrum drug 

targets. The downstream analysis included 

identifying host non-homologous proteins and 

subcellular localization analysis to discover safe 

and effective drug targets. Here we present 485 

Non-homologous essential core-genome proteins 

(out of which 352 proteins have cytoplasmic 

localization) as putative drug targets in human 

infecting serotypes of Listeria monocytogenes. 

These proteins can further be analyzed and refined 

through a network biology approach to see their 

interaction with each other and host proteins for 

identifying novel drug targets against Listeria 

monocytogenes. 

ACKNOWLEDGMENT: The authors thank Shri 

Ramswaroop Memorial University, Barabanki, for 

providing the necessary facilities to carry out the 

work.  

CONFLICTS OF INTEREST: The authors 

declare no conflict of interest. 

REFERENCES: 

1. Radoshevich L and Cossart P: Listeria monocytogenes: 

towards a complete picture of its physiology and 

pathogenesis. Nat Rev Microbiol 2018; 16(1): 32-46. 

doi:10.1038/nrmicro.2017.126 

2. Miranda-Bautista J, Padilla-Suárez C, Bouza E, Muñoz P, 

Menchén L and Marín-Jiménez I: Listeria monocytogenes 

infection in inflammatory bowel disease patients: case 

series and review of the literature. Eur J Gastroenterol 

Hepatol 2014; 26(11): 1247-1252. 

doi:10.1097/MEG.0000000000000188 

3. Diaz-Dilernia F, Costantini J, Nicolino TI, Sanchez MDL 

and Carbo L: Unusual Listeria monocytogenes 

hematogenous infection in total knee replacement treated 

with one-stage revision surgery. Arthroplast Today 2019; 

5(3): 296-300. doi:10.1016/j.artd.2019.06.005 

4. Charpentier E, Gerbaud G, Jacquet C, Rocourt J and 

Courvalin P: Incidence of antibiotic resistance in Listeria 

species. J Infect Dis 1995; 172(1): 277-281. 

doi:10.1093/infdis/172.1.277 

5. Franco Abuín CM, Quinto Fernández EJ, FenteSampayo 

C, Rodríguez Otero JL, Domínguez Rodríguez L and 

CepedaSáez A: Susceptibilities of Listeria species isolated 

from food to nine antimicrobial agents. Antimicrob Agents 

Chemother 1994; 38(7): 1655-1657. 

doi:10.1128/AAC.38.7.1655 

6. Tettelin H, Masignani V and Cieslewicz MJ: Genome 

analysis of multiple pathogenic isolates of Streptococcus 

agalactiae: implications for the microbial “pan-genome.” 

Proc Natl AcadSci USA 2005; 102(39): 13950-13955. 

doi:10.1073/pnas.0506758102 

7. Friis C, Wassenaar TM and Javed MA: Genomic 

Characterization of Campylobacter jejuni Strain M1. PLoS 

One 2010; 5(8): 12253. doi:10.1371/journal.pone.0012253 

8. Lukjancenko O, Wassenaar TM and Ussery DW: 

Comparison of 61 sequenced Escherichia coli genomes. 

Microb Ecol 2010; 60(4): 708-720. doi:10.1007/s00248-

010-9717-3 

9. Ali A, Soares SC and Santos AR: Campylobacter fetus 

subspecies: comparative genomics and prediction of 

potential virulence targets. Gene 2012; 508(2): 145-156. 

doi:10.1016/j.gene.2012.07.070 

10. Chand Y, AlamMd A and Singh S: Pan-genomic analysis 

of the species Salmonella enterica: Identification of core 

essential and putative essential genes. Gene Reports 2020; 

20: 100669. doi:10.1016/j.genrep.2020.100669 



Chandra et al., IJPSR, 2023; Vol. 14(9): 4622-4629.                                     E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              4629 

11. Haley BJ, Grim CJ and Hasan NA: Comparative genomic 

analysis reveals evidence of two novel Vibrio species 

closely related to V. cholerae. BMC Microbiol 2010; 10: 

154. doi:10.1186/1471-2180-10-154 

12. Uddin R and Jamil F: Prioritization of potential drug 

targets against P. aeruginosa by core proteomic analysis 

using computational subtractive genomics and Protein-

Protein interaction network. Comput Biol Chem 2018; 74: 

115-122. doi:10.1016/j.compbiolchem.2018.02.017 

13. Solanki V and Tiwari V: Subtractive proteomics to 

identify novel drug targets and reverse vaccinology for the 

development of chimeric vaccine against Acinetobacter 

baumannii. Sci Rep 2018; 8(1): 9044. doi:10.1038/s41598-

018-26689-7 

14. Bhardwaj T and Somvanshi P: Pan-genome analysis of 

Clostridium botulinum reveals unique targets for drug 

development. Gene 2017; 623: 48-62. 

doi:10.1016/j.gene.2017.04.019 

15. Pasala C, Chilamakuri CSR, Katari SK, Nalamolu RM, 

Bitla AR and Umamaheswari A: An in-silico study: Novel 

targets for potential drug and vaccine design against drug 

resistant H. pylori. Microb Pathog 2018; 122: 156-161. 

doi:10.1016/j.micpath.2018.05.037 

16. Gawade P and Ghosh P: Genomics driven approach for 

identification of novel therapeutic targets in Salmonella 

enterica. Gene 2018; 668: 211-220. 

doi:10.1016/j.gene.2018.05.058 

17. Nayak S, Pradhan D, Singh H and Reddy MS: 

Computational screening of potential drug targets for 

pathogens causing bacterial pneumonia. Microb Pathog 

2019; 130: 271-282. doi:10.1016/j.micpath.2019.03.024 

18. Tappero JW, Schuchat A, Deaver KA, Mascola L and 

Wenger JD: Reduction in the incidence of human 

listeriosis in the United States. Effectiveness of prevention 

efforts? The Listeriosis Study Group. JAMA 1995; 

273(14): 1118-1122.  

19. Shamloo E, Hosseini H, Abdi Moghadam Z, Halberg 

Larsen M, Haslberger A and Alebouyeh M: Importance of 

Listeria monocytogenes in food safety: a review of its 

prevalence, detection, and antibiotic resistance. Iran J Vet 

Res 2019; 20(4): 241-254. 

20. Vesth T, Lagesen K, Acar Ö and Ussery D: CMG-biotools, 

a free workbench for basic comparative microbial 

genomics. PLoS One 2013; 8(4): 60120. 

doi:10.1371/journal.pone.0060120 

21. Binnewies TT, Hallin PF, Stærfeldt HH and Ussery DW: 

Genome Update: proteome comparisons. Microbiology 

(Reading) 2005; 151(1): 1-4. doi:10.1099/mic.0.27760-0 

22. Altschul SF, Madden TL and Schäffer AA: Gapped 

BLAST and PSI-BLAST: a new generation of protein 

database search programs. Nucleic Acids Res 1997; 

25(17): 3389-3402. 

23. Luo H, Lin Y, Gao F, Zhang CT and Zhang R: DEG 10, an 

update of the database of essential genes that includes both 

protein-coding genes and noncoding genomic elements. 

Nucleic Acids Res. 2014;42(Database issue): D574-580. 

doi:10.1093/nar/gkt1131 

24. Sharma A and Pan A: Identification of potential drug 

targets in Yersinia pestis using metabolic pathway 

analysis: MurE ligase as a case study. Eur J Med Chem 

2012; 57: 185-195. doi:10.1016/j.ejmech.2012.09.018 

25. Samal HB, Prava J, Suar M and Mahapatra RK: 

Comparative genomics study of Salmonella typhimurium 

LT2 for the identification of putative therapeutic 

candidates. J Theor Biol 2015; 369: 67-79. 

doi:10.1016/j.jtbi.2015.01.022 

26. Yu NY, Wagner JR and Laird MR: PSORTb 3.0: 

improved protein subcellular localization prediction with 

refined localization subcategories and predictive 

capabilities for all prokaryotes. Bioinformatics 2010; 

26(13): 1608-1615. doi:10.1093/bioinformatics/btq249 

27. Ijaq J, Malik G and Kumar A: A model to predict the 

function of hypothetical proteins through a nine-point 

classification scoring schema. BMC Bioinformatics 2019; 

20(1): 14. doi:10.1186/s12859-018-2554-y 

28. Uhlen M, Oksvold P and Fagerberg L: Towards a 

knowledge-based Human Protein Atlas. Nat Biotechnol 

2010; 28(12): 1248-1250. doi:10.1038/nbt1210-1248 

29. Galperin MY: Conserved „Hypothetical‟ Proteins: New 

Hints and New Puzzles. Comp Funct Genomics 2001; 

2(1): 14-18. doi:10.1002/cfg.66 

30. Koonin EV: How many genes can make a cell: the 

minimal-gene-set concept. Annu Rev Genomics Hum 

Genet 2000; 1: 99-116. doi:10.1146/annurev.genom.1.1.99 

31. Galperin MY and Koonin EV: Searching for drug targets 

in microbial genomes. Current Opinion in Biotechnology 

1999; 10(6): 571-578. doi:10.1016/S0958-1669(99)00035-

X 

32. Zhang R and Lin Y: DEG 5.0, a database of essential 

genes in both prokaryotes and eukaryotes. Nucleic Acids 

Res 2009; 37; 455-458. doi:10.1093/nar/gkn858 

33. Sudha R, Katiyar A, Katiyar P, Singh H and Prasad P: 

Identification of potential drug targets and vaccine 

candidates in Clostridium botulinum using subtractive 

genomics approach. Bioinformation 2019; 15(1): 18-25. 

 

 

 

 

All © 2023 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License. 

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google 

Playstore) 

How to cite this article: 

Chandra N, Chand Y, Qidwai T and Singh S: Pan-genomic analysis of human infecting serotypes of Listeria monocytogenes: 

identification of putative drug targets. Int J Pharm Sci & Res 2023; 14(9): 4622-29. doi: 10.13040/IJPSR.0975-8232.14(9).4622-29. 

 

 

 


