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Abstract
Summary: To support small and large-scale genome mining projects, we present Palantir (Post-processing 
Analysis tooLbox for ANTIsmash Reports), a dedicated software suite for handling and refining secondary 
metabolite biosynthetic gene cluster (BGC) data annotated with the popular antiSMASH pipeline. Palantir 
provides new functionalities building on NRPS/PKS predictions from antiSMASH, such as improved BGC 
annotation, module delineation and easy access to sub-sequences at different levels (cluster, gene, module, 
domain). Moreover, it can parse user-provided antiSMASH reports and reformat them for direct use or storage in 
a relational database.
Availability: Palantir is released both as a Perl API available on CPAN (https://metacpan.org/release/Bio-
Palantir) and as a web application (http://palantir.uliege.be). As a practical use case, the web interface also 
features a database built from the mining of 1616 cyanobacterial genomes, of which 1488 were predicted to 
encode at least one BGC.
Contact: denis.baurain@uliege.be, lmeunier@uliege.be. 
Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction 
Natural products, synthesized by diverse microorganisms and plants, 

are a precious source of bioactive compounds for different industrial 
fields, especially the pharmaceutical industry (Harvey, 2008; Pham et al., 
2019). Affordable and fast, genome mining has become a method of 
choice to support the discovery of such molecules (Niu 2018; Trivella and 
Felicio, 2018). Hence, numerous bioactive compounds have been unveiled 
over the last decade thanks to the active development of dedicated tools 
(Chen et al., 2013; Kersten et al., 2013; Kačar et al., 2019). An extensive 
list of currently available tools for genome mining is provided on The 
Secondary Metabolite Bioinformatics Portal (Weber et al., 2016) and 
many of these have been described in several reviews (Ziemert et al., 

2016; Chavali et al., 2017). Here, we present Palantir (Post-processing 
Analysis tooLbox for ANTIsmash Reports), a tool to facilitate large-scale 
genome mining analyses of hundreds or thousands of genomes with 
antiSMASH, one of the most comprehensive and up-to-date software 
packages dedicated to secondary metabolism pathways (Blin et al., 2017a; 
Blin et al., 2019). Besides, we devised additional functionalities 
(complementary to antiSMASH methods) to improve the annotation of 
NonRibosomal Peptide Synthases (NRPSs) and PolyKetide Synthases 
(PKSs), two major classes of secondary metabolism pathways. These two 
enzymatic systems, encoded as large biosynthetic gene clusters (BGCs), 
are similarly based on a multimodular enzymatic mechanism, where the 
role of each module is to add, through the action of independent catalytic 
sites (i.e., domains), a monomer (amino acids or beta-keto functional 
groups for NRPS and PKS, respectively) to the final product. In particular, 
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Palantir features unique visualization tools for the comparison and 
selection among competing annotations for the architecture of the same 
BGC.

2 Input data
Palantir accepts report files from antiSMASH versions 3.x and 4.x 
(biosynML.xml) (Medema et al., 2015; Weber et al., 2015; Blin et al., 
2017b), and from the newer version 5.x (regions.js). The regions.js file 
can be extracted from the results downloaded through the current 
antiSMASH web server (https://antismash.secondarymetabolites.org) or 
obtained locally with the standalone version of antiSMASH. 

3 Functionalities

3.1 Automated parsing of antiSMASH reports
The annotation of BGCs is characterized by multidimensional and rich 
data structures, which can be complex to manage. Regarding NRPS and 
PKS, not only their genetic pathway annotation can be approached at 
different levels (i.e., whole gene cluster, gene, module, domain or even 
motif), but also each level can be further annotated (e.g., substrate 
selection by adenylation and acyl-transferase domains, stereochemistry 
produced by condensation, ketosynthase or tailoring PKS domains). 
Moreover, if screening a few genomes to assess their biosynthetic 
potential is trivial, considering the availability of GUI software, large-
scale projects involving the analysis of many genomes require automation 
of the parsing, storage and querying of such a large output.

In regard to this unusual type of biological data, Palantir API offers 
functionalities (Table 1) to handle both small and large-scale projects: (1) 
FASTA sequence extraction at any BGC level, (2) customizable 
PDF/Word reporting and (3) relational (SQL) database generation for 
more advanced data analysis. Since functionalities 2 and 3 mostly find 
their use when applied to hundreds or thousands of antiSMASH reports, 
they are only accessible through the Perl distribution.

3.2 Refinement of NRPS and PKS BGC annotation
The annotation of NRPS and PKS BGCs is commonly performed by the 
identification of biosynthetic core genes containing domain protein 
signatures, also referred to as pHMMs (profile Hidden Markov Models), 
which are probabilistic models capturing the versatile information 
contained at different positions of a multiple sequence alignment (e.g., 
amino acid composition, indels) (Eddy, 1998; Eddy, 2011). Despite the 
generally good accuracy of BGC screening achieved by antiSMASH and 
similar software packages, exceptions in detection rules still occur, due to 
the impossibility of establishing a universal threshold to distinguish 
between true and spurious pHMM matches. Missed domains (gaps) are 
especially problematic for modular enzymes, which are composed of 
multiple subunits, often leaving BGC architectures incomplete.

An additional issue is that protein signatures used by antiSMASH only 
partially cover the sequences of experimentally characterized domains 
(e.g., condensation domain signature is 300 amino acid long, while 
characterized domains have a length ranging between 450 and 500 amino 
acids). Domain sequences returned by antiSMASH thus lack information 
that would be useful in downstream analyses, such as phylogenetic 
inference (see Supplementary information). 

Palantir API (and web application) brings three methods to tackle these 
issues: (Table1, feature 4) module delineation, (5) gap-filling for 
completing BGC annotation, and (6) dynamic elongation of their core 
domain sequences. Furthermore, (7) a visualization functionality allows 
the user to easily check the refinements applied to the BGC domain 
architecture and compare these with the antiSMASH version. Finally, (8) 
an “exploratory mode” devised to interpret the architecture from scratch, 
i.e., without any bias from predefined BGC and gene construction rules, 
is also provided. This additional mode displays all protein signature 

matches, allowing the user to design her/his preferred BGC annotation 
based on her/his expertise and interpretation.

The usefulness of these methods was assessed by re-analyzing data from 
a case study: the published dataset of cyanobacterial NRPS BGCs from 
Calteau et al. (2014) (Supplementary information). A first test showed that 
Palantir dynamic elongation of core domain sequences significantly 
improves the phylogenetic signal, and thus the resolution of evolutionary 
trees (i.e., statistical support and biological plausibility of BGC 
phylogenetic analyses), whereas a second test demonstrated that Palantir 
exploratory mode led to the identification of a previously missed putative 
alpha/beta hydrolase, a domain type known to be implied in Claisen 
cyclase domains in aflatoxin biosynthesis (Korman et al., 2010).

4 Application example: An online database 
summarizing the large-scale BGC mining of 
available cyanobacterial genomes

To illustrate and make these functionalities easier to use, we released a 
web interface featuring both the Palantir application and the first database 
dedicated to cyanobacterial secondary metabolites 
(http://palantir.uliege.be). This SQL database is constituted of a curated 
collection of 1616 cyanobacterial (and related lineages) genomes with 
links to both antiSMASH and Palantir annotations. Of these, 1488 
genomes were predicted to encode at least one BGC. Furthermore, to 
support informed comparisons between cyanobacterial species or strains, 
we assessed for each genome its putative contamination level by running 
CheckM (Parks et al., 2015). The web interface allows users to browse 
through the database results and visualize antiSMASH and Palantir 
annotations for each genome. Additionally, users can import their own 
antiSMASH results into the web application and compare them to Palantir 
gap-filled and exploratory annotations (dynamic BGC visualization and 
CSV file download).

Table 1. Overview of Palantir functionalities

  
#

Functionalities Description Applications

  
1

    Extraction of 
sequences

    Export FASTA files 
from BGC datasets at 
different levels: cluster, 
gene, module, domain

    Data formatting for 
downstream analyses

  
2

    Generation of 
PDF/Word reports

    Export customizable 
reports of refined BGC 
data

    End-user 
consumption
    of numerous BGC 
datasets

  
3

    Generation of SQL 
tables

    Export SQL tables 
containing detailed BGC 
data

    Large-scale or more 
complex queries and 
statistics

  
4

    Module delineation     Apply biological rules 
to group domains into 
modules

    Analyses at module 
level

  
5

    Dynamic 
elongation of the 
coordinates of core 
domains

    Enrich the information 
contained in the sequences

    Similarity searches 
and evolutionary 
analyses

  
6

    Filling gaps in 
BGC architectures

    Recover missed 
domains due to exceptions 
in detection rules

    Resolution of 
ambiguous or 
incoherent BGC 
architectures

  
7

    BGC visualization     Visualize and compare 
antiSMASH and Palantir 
annotations

    Comparison of the 
refinements applied to 
the antiSMASH 
annotation
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8

    “Exploratory 
mode” visualization

    Visualize and design the 
domain architecture 
consensus from a raw view 
of all detected signatures

    Manual curation of 
the domain 
architecture consensus

Description and possible applications of Palantir functionalities.
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