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ARKbase is an integrated, curated, value-added knowledgebase developed with the 
objective of providing a dedicated resource for deep annotation of bacterial priority 
pathogens (BPP) identified by WHO   
(https://www.who.int/publications/i/item/9789240093461). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Modules in ARKbase 
ARKbase offers three core modules—  

​Database module 
​ Insight module 
​Comparative Analysis module 

 
 
 
 
 
 
 
 
 
 

 

https://www.who.int/publications/i/item/9789240093461


 

Database Module: This module is divided into the reference genome and the 
curated genome AST. 
 

(i) Reference genomes 
1. Acinetobacter baumannii 
2. Klebsiella pneumoniae 
3. Escherichia coli 
4. Shigella flexneri 
5. Shigella sonnei 
6. Enterococcus faecium 
7. Pseudomonas aeruginosa 
8. Salmonella enterica 
9. Neisseria gonorrhoeae 
10. Staphylococcus aureus 
11. Streptococcus pyogenes 
12. Streptococcus pneumoniae 
13. Haemophilus influenzae 
14. Streptococcus agalactiae 

 

 
 

 



 

The reference genome page provides pathogen overview, genome overview, 
genomic representation, COG classification, pangenome distribution, drug resistance 
profile, ARGs and mechanisms, and protein-protein interactions (PPI). 

 

 



 

(ii) Curated Genome with Antimicrobial susceptibility (AST) 
 
Genome datasets are obtained from publicly available resources and then quality 
checked primarily on two criteria - The MICs reported for these strains are quality 
checked against CLSI breakpoints and the corresponding genome datasets were 
checked as per EUCAST criteria of good quality genomes. More details can be read 
at https://pubmed.ncbi.nlm.nih.gov/36817105/  
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Insight Modules 
 
Insight module is a composite module and is further divided into 14 modules as 
follows: 

1. Pan AMR 
2. Pan Virulence 
3. ARG structure 
4.Protein-Protein Interactions 
5. Host-Pathogen Interactions 
6. Drug Targets 
7. Small Molecules 
8. Drug-Target Interactions 
9. Operons 
10. Expression data 
11. Machine Learning Models 
12. Co-Target 
13. Genome Browser 
14. Search 
 
 
 

 
 

 



 

Pan AMR: 
 
This module contains pathogen-specific ARGs, divided into two pages: reference 
and curated genomes.  
 

 
 
For the reference page, there are five sections: outputs from four different tools, RGI, 
AMRFinderPlus, MEGARes, and ResFinder, along with a combined tool output. The 
user can download the data. 
 
 
 
 
 
 
 
 
For the curated page, there are five sections: outputs from four different tools—RGI, 
AMRFinderPlus, MEGARes, and ResFinder—along with a combined tool output, the 
same as the reference page. In addition, the user can filter the data using antibiotics 
and p 
 
 
 
 
 
 
 
 

 



 

 
For the curated page, there are five sections: outputs from four different tools—RGI, 
AMRFinderPlus, MEGARes, and ResFinder—along with a combined tool output, the 
same as the reference page. In addition, the user can filter the data using antibiotics 
and phenotypes. 
 

 
 

 

 



 

Pan Virulence: 
 
The PanVirulence module contains pathogen-specific virulence, divided into two 
pages: reference and curated genomes.  
 
This tab provides the user a consolidated table of virulence factors for each 
pathogen chosen from the drop-down menu. The user can explore the virulence 
genes with the corresponding protein id, gene name, virulence factor category, 
operon id, VF ID and the organism name where the particular gene has matched.  
The protein_ids are directly linked to the NCBI database. The page also allows the 
user to search specific fields and to download the tables.  
 

 
 
The module includes an interactive filter to search across fields by protein ID, protein 
name,VF ID and so on. The download tab allows the user to download the complete 
virulence data for that particular genome.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
For the curated page, the module includes an interactive filter to search across fields 
by protein ID, protein name, VF ID and so on. The download tab allows the user to 
download the complete virulence data for that particular genome.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Antimicrobial Resistance Gene (ARG) Structure: 
 
This module gives pathogen-wise structure of the antimicrobial resistance (AMR) 
gene of the WHO Bacterial Priority Pathogen List.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The user can search for any data field through the search interface. The user can 
view the consolidated table with AMR gene ID, description, AMR gene family, 
resistance mechanism, operon and their structure, antibiotic, and GO ID of that 
particular pathogen. The user can download the whole data in CSV/Excel format for 
analysis.  
 

 
 

 



 

Protein-protein interactions (PPIs): 
 
This module provides a protein-protein interactions landscape for BPPs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This module consists of 14 PPIs of WHO BBP classified into three categories - 
Critical, High, and Medium Priority Pathogens, along with the number of proteins and 
interactions. The user can select any pathogen to explore centrality and co-targets. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

This module is organised into two main sections: Centrality Metrics and Co-Target 
Interactions. 
 

 
 

1.​ Centrality Metrics 
This section provides centrality metrics of each protein for fourteen 
pathogens. For each network, three centrality metrics are calculated: 
Betweenness centrality, Closeness centrality, and Degree centrality. 
Each centrality metric is classified into four groups: 
Q1 – Top 25% of nodes (highest centrality values) 
Q2 – 25–50% range 
Q3 – 50–75% range 
Q4 – 75–100% range (lowest centrality values) 
This classification helps in identifying highly influential nodes (Q1) versus 
peripheral nodes (Q4) for each pathogen's interactome. 
The module includes nine interactive filters for targeted data exploration: 

●​ Pathogen 
●​ Assembly Accession 
●​ Protein ID 
●​ Protein Description 
●​ Protein Groups (Betweenness) 
●​ Protein Groups (Closeness) 
●​ Protein Groups (Degree) 
●​ COG (Clusters of Orthologous Groups) 
●​ COG Description 

 
The user can also download the data. 

 
 

 



 

 
 

2.​ Co-Target Discovery 
This section highlights the interacting pairs for each pathogen. The module 
includes nine interactive filters for targeted data exploration: Pathogen, 
Protein ID1, Protein ID2, Protein Description 1, Protein Description 2, Protein 
Group 1(BW), Protein Group 2(BW), COG 1, COG 2, COG Description 1, and 
COG Description 2. Co-Targets are the co-interactors with drug target 
features.  

 
View details tab lists drug target features of each co-interactor as shown below. 

 

 



 

Host-Pathogen Interactions: 
  
It provides an interactive data explorer for host-pathogen interaction. It includes an 
interaction score and experimental information, as well as the top 10 Gene Ontology 
(GO) terms. The user can search by UniProt identifiers for pathogen and host 
proteins. This module is divided into four sections:  

1.​ Graphical abstract for the overall summary 
2.​ Top 10 Pathogen Gene Ontology Terms 
3.​ Host-Pathogen Interaction Details 
4.​ Interaction Network 

 

 
 
 

 



 

1. Graphical abstract for the overall summary:  
This section shows the host-pathogen interaction data sources, pathogen 
distribution, interaction network, and top functional annotations. 

 
2. Top 10 Pathogen Gene Ontology Terms: 
This section displays the bar graph for the top 10 Gene ontology terms. User 
can select the three gene ontology terms - Biological Process , Molecular 
Function and Cellular Component.  

 
3. Host-Pathogen Interaction Details: 
It provides the pathogen protein’s ID and name, the corresponding host 
protein’s ID and name, the source databases, the experimental methods, etc. 
The user can filter the host-pathogen interaction data by selecting one or 
multiple pathogen organism names. The result can be displayed in the form of 
network. The user can download the data. 

 

  
 

4. Interaction Network: 
The user can filter interaction networks by selecting the host proteins 
according to their COG (Clusters of Orthologous Genes) functional 
categories.   

 
 

 



 

Drug Targets:  
 
This module provides pathogen-wise potential predicted drug targets for the 14 WHO 
pathogens; any pathogen can be selected from the drop-down menu of the home 
page. This module allows users to search by pathogen protein ID and their name 
(description). The user has the option to filter the targets based upon the provided 
properties like essentiality, virulence, betweenness centrality metrics, human 
non-homolog, non-paralogous, and k-mer based non-homolog (anti-target), along 
with their novelty based upon the Therapeutic Target Database (TTD) and 
DrugBank.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This module allows users to search by pathogen protein ID and their name 
(description). The user has the option to filter the targets based upon the provided 
properties like essentiality, virulence, centrality metrics, human non-homology, 
non-paralogous, and anti-target, along with their novelty based upon the Therapeutic 
Target Database (TTD) and DrugBank. The download tab allows the user to 
download the drug target datasets. 
 

 
In this module, the user can also browse the evolutionary analysis of the prioritized 
drug target by selecting ‘Evolutionary analysis’.  

 



 

 
 
The user can search the data by search interface. In addition, by selecting the view 
domain, it provides an evolutionary constraint for each site per domain. 
 

 
 
 
 

 



 

 
Small Molecule: 
 
This section is divided into 3 submodules:  
1. Biosynthetic Gene Clusters 
2. Known Antibiotics  
3. Structure Search 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Biosynthetic Gene Clusters: 
 
The module gives the user comprehensive data for BGCs—Strain Name, BGC 
region, BGC genes, Gene Count, Known Metabolites, SMILES, MIBiG Accession, 
BGC Category, BiG-SCAPE GCF, and antiSMASH Result. BGCs analysis identifies 
the genomic regions of each pathogen that produce metabolites conferring innate 
resistance. The user can filter data by pathogen or search any data field. There is 
also a download option, allowing users to download the entire table and the 
Bigscape clustering data. 
 
 

 



 

 
 
The user can view the antiSmash results by clicking View Report. 
 

 

 



 

2. Known Antibiotics: 
 
This page features a comprehensive repository of known antibiotics for 14 
pathogens with MIC breakpoints, retrieved from the CLSI, with AWaRe annotation. 
The user can access the antibiotics associated with each pathogen from the left 
section. It features a search option that enables exploring all 14 pathogens. 
Additionally, the user can download the data in CSV format. The user can select any 
annotation, such as Reserve, to see the antibiotics listed under this category. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. Structure Search: 
 
This page assists users in identifying matches for their queried SMILES, MOL, or 
SDF against the structures of secondary metabolites predicted from BGC analysis 
and known antibiotics from the CLSI database. The user can perform a structure 
search using either the BGC library or the Known Antibiotic library. The user can also 
download the output result table as well as the whole library for BGCs and known 
antibiotics. 
 
The search uses Morgan fingerprints (1024 bits, radius 2) and the Tanimoto 
threshold of >= 0.8  

 



 

 
 
 
The result page shows all the possible hits along with their structure. 
 

 
 
 

 

 



 

Drug-Target Interaction:  
 
This pathogen-wise module provides an interactive, searchable data table for 
visualising a selected set of targets with their corresponding drugs. This module is 
divided into four sections:  

1.​ Graphical abstract for the overall summary 
2.​ Top 10  Gene Ontology Terms 
3.​ Explore Drug Target Interactions  
4.​ Target-Drug Interaction Network. 

 

 
 

1. Graphical abstract for the overall summary: 
This figure depicts the overall methodology and workflow of drug repurposing 
for the WHO Bacterial Priority Pathogen List (BPPL). 

 
 
 
 

 



 

2. Top 10 Gene Ontology Terms: 
This section displays the bar graph for the top 10 Gene Ontology terms. The 
user can select the three gene ontology terms - Molecular Function, Biological 
Process and Cellular Component.  

 

 
 

3. Explore Drug Target Interactions:  
The user can select a pathogen from the drop-down menu in the Drug-Target 
Interaction module. The search interface is provided for exploring any data 
field. The results will display detailed information about each interaction, 
including the Target ID, DrugBank ID, drug name, score, protein names, drug 
and target degree, relevant pathways, and toxicity safety. Additionally, users 
can view the data in a network format. 

 
 
 
 
 
.  

 
 
 
 
 
 
 
 
 

The user can select one or multiple target IDs to explore drug-target 
interactions and  the network of selected pathogens. The download tab allows 
the user to download the complete interaction datasets. 

 
4.Target-Drug Interaction Network: 

 



 

The interaction network visualizes connections between drug candidates 
(diamond nodes) and their bacterial protein targets (rectangular nodes), 
highlighting potential therapeutic relationships for WHO-priority pathogens. 

 

 
 

 

 



 

Genome Browser: 
 
The Genome Browser module provides an interactive platform for visual exploration 
of the genomic features of 14 bacterial pathogens for the WHO Priority Pathogen 
List, 2024, included in this database. This tool enables users to visualise, navigate, 
and interpret genomic regions with ease, offering a detailed view of both reference 
sequences and associated annotation tracks.  

 

 

 

 

 

 

 

 

 

The module covers genome data for 14 bacterial pathogens, curated from 
high-quality reference sources. 30+ annotation tracks are available for each 
pathogen for visualisation, representing a variety of data types such as gene 
annotation, operons, insertion elements, Antibiotic Resistance Genes (AMR), 
restriction sites, protein features, Centrality Metrics for protein-protein interactions 
(Degree, Closeness and Betweenness) and so on. The user can interactively 
navigate the browser for the chosen pathogen by zooming in/out to view genomic 
features at nucleotide or broader chromosomal scales, scrolling across genomic 
regions for comparative exploration and clicking on features to access detailed 
metadata. 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

How to Use 

1.​ Select an organism from the drop-down list or organism overview page. 
2.​ Choose tracks of interest from the track selector to customize your view. 
3.​ Use the zoom and pan controls or the search bar to locate genes, loci, or 

specific genomic coordinates. 
4.​ Click any feature to open a pop-up with details, including functional 

annotation. Users can also hover over the features for their corresponding key 
information. 

5.​ Download GFF files for the selected organism from the Download section for 
further analysis in genome analysis pipelines. 

Data download of PanGenome annotation for each organism is available in GFF 
format for offline analysis. Download links are provided directly from the Genome 
Browser interface and annotation files are organized by pathogen for convenient bulk 
or individual retrieval. 

 

 



 

Search: 
 
The search page is divided into 3 sections: Comparative Analysis Module, Search by 
Sequence and Advanced Search. 
 

 
 
 

1.​ Comparative Analysis Module 
 
This module allows users to compare data related to virulence, antimicrobial 
resistance (AMR), and drug target proteins. Users can select a query category, 
choosing from AMR proteins, virulence factor (VF) proteins, or drug target proteins 
of any pathogen, and compare them against that same category for any other 
pathogen. For example, users can compare the AMR proteins of Acinetobacter 
baumannii with the AMR proteins of Escherichia coli. By selecting Run Analysis, the 
user can access the results in a new page. The result can be downloaded in tsv 
format. 
 
 
 
 
 
 
 
 
 
 

 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There is a download section with files containing the complete all-vs-all BLASTP 
analysis for each protein category, comparing every protein from one pathogen 
against all proteins from every other pathogen within the same category. The 
analysis was performed using the following parameters: E-value 1e-4, Percent 
Identity 35%, and Query Coverage 50%.  
 
 

 



 

 
 
 
 
 
 
 
 
 
 
There is also an Interactive Genome Visualisation section featuring comparative 
genome maps (Circos plots). Users can interactively explore and select AMR genes, 
virulence genes, or all genes (AMR and Virulence together) for detailed viewing. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 



 

2.​ Search by Sequence :  
 
This module allows users to search a query by entering or uploading a protein 
sequence, which is then searched against AMR, virulence, and drug target 
proteins.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

3.​ Advanced Search  
 

This module enables users to query based on 14 pathogens, protein features (e.g., 
essential, virulence, top 10 central, etc), COG categories, and ARGs. For example, 
users can identify proteins that are essential, virulence factors, or ARGs across all 
14 pathogens.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

Operons: 
 
This module allows the user to view the total number of operons present in the 
pathogen. The user can choose a pathogen from the drop-down menu to explore 
predicted operons. Features like the total length of the operon, locus tags of the 
gene belonging to the operon, operon_id, gene name with gene coordinates and 
strand info, protein ID, and the product have been provided. The protein_id is directly 
linked to the NCBI protein database.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The module includes an interactive filter to search by Operon ID, Locus Tag, Gene 
name and so on. The download tab allows the user to download the complete 
operon summary for that particular genome.  
 

 
 
 

 



 

Expression Data: 
 
Transcriptomics encompasses the analysis of RNA sequences, their expression 
levels, and how they are regulated. This module is a compilation of all the datasets 
to date, involving pathogens exposed to their respective priority-resistant antibiotics. 
General information about the dataset, including project title, accession, release 
date, and sample size, has been provided.  
 

 
 
 
The module includes two interactive filters for targeted data exploration: 

●​ Priority antibiotic name 
●​ Pathogen name 

The user can also search pathogen and/or priority antibiotic combinations of their 
interest using the Browse tab. 
 

 



 

 
 
 
 
 
 
 
 
 
 
 

 

 



 

Machine Learning (ML) Models:  
This module highlights machine learning models developed for MIC prediction 
targeting pathogens from the WHO Bacterial Priority Pathogen List.  
 

 
 
The user can get an idea of what the different ML models reported for different 
antibiotics divided into AWaRe classes. Users can access the curated models with 
GitHub repositories or without GitHub repositories. 
 When user select With GitHub repositories, models are categorized into 

●​ Access  
●​ Watch  
●​ Reserve 
●​ Access/Watch 
●​ Watch/Reserve 
●​ Unclassified/Not recommended 

 
 
 
       
 
 

 



 

      Users can view  Without GitHub repositories, which are divided into 
●​ Access 
●​ Watch 
●​ Watch/Reserve 
●​ Unclassified/Not Recommended 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 



 

Connect: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The Connect page is divided into two sections: the left section features community 
contributions, while the right section displays team members. The community 
contribution section invites researchers, clinicians, and domain experts to contribute 
to ARKbase, an open-access Antimicrobial Resistance Knowledgebase. The 

 



 

submission allows contributions exclusively for genotype and phenotype data related 
to antimicrobial resistance in WHO Bacterial Priority Pathogens. For genotype data, 
users can select a specific pathogen from the BPPL list and provide a valid Genome 
Accession Number (e.g., from NCBI), and include the corresponding accession URL. 
For phenotype data, users must provide Antimicrobial Susceptibility Testing (AST) 
information for one or more antibiotics, including either Minimum Inhibitory 
Concentration (MIC) or Disk Diffusion (DD) values. 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

The unique features of ARKbase 

ARKbase is a unique resource linking curated datasets with multi-omics, systems 
biology, AI/ML methods for predicting AMR determinants, and 
Foldseek/AlphaFold-based approaches towards understanding the molecular basis 
of resistance, identification of novel drug resistance determinants, and prioritizing 
potential therapeutic targets. It offers several unique features, like implementation of 
CLSI/EUCAST standards for reporting AST and genome datasets, identification of 
co-targets, providing a structured database for ARGs, offering a curated list of AI/ML 
models as per AWaRe classification, operon mapping of AMR and virulence genes, 
systems-level data for host-pathogen interactions, and PPIs for WHO priority 
pathogens.  

 

ARKbase is an open database 

 

 

 

 

Thank you 

 

 
 
 
 
 
 
 
 
 
 
 
 

 


