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Abstract. The genus Paecilomyces represents a promising source of bioactive
secondary metabolites, yet it remains largely underexplored from chemical and
genomic perspectives. To address this, a comprehensive genome mining ap-
proach was employed to characterize a novel Paecilomyces sp. strain, CMI-
INPA 1390, isolated from the Brazilian Amazon. Utilizing long-read sequenc-
ing, a high-quality, near-chromosome level genome assembly was achieved,
comprising six linear scaffolds totaling 31.7 Mb and a circular mitochondrial
genome of 52094 bp, with a high BUSCO completeness of 98.7%. Genomic
analysis identified 42 biosynthetic gene clusters (BGCs), which is consistent
with the genus average. Notably, 100% of these BGCs showed low to no cor-
relation with known biosynthetic pathways, revealing the high potential of this
species for the biosynthesis of novel molecules. Gene Cluster Family (GCF)
analysis, conducted with 10 reference genomes for the Paecilomyces genus, re-
vealed that among the NRPS-related GCFs, this new Amazonian species presents
a singleton associated with nidulanin A biosynthesis. This singleton contained
all necessary tailoring genes, but the core nonribosomal peptide synthetase
(NRPS) gene exhibited a loss of several modules and domains, retaining only
a single module out of the four canonical ones related to nidulanin A biosynthe-
sis. This loss suggests a potential evolutionary divergence, possibly resulting in
the production of a shorter or structurally simplified molecule. These findings



underscore that Paecilomyces sp. CMI-INPA 1390 is a promising source of di-
verse and potentially novel secondary metabolites and demonstrate the role of
genome mining in unveiling the full biosynthetic potential of filamentous fungi.

1. Introduction
The genus Paecilomyces encompasses a diverse group of filamentous fungi with signif-
icant ecological and biotechnological importance. Known for their wide ecological dis-
tribution, these fungi thrive in various niches, exhibiting saprophytic, endophytic, and
pathogenic lifestyles [Moreno-Gavı́ra et al. 2020]. This versatility is underpinned by their
remarkable metabolic capabilities, particularly the production of bioactive secondary metabo-
lites. These compounds play crucial roles in their ecological interactions and serve as
a rich source for diverse applications in medicine, agriculture, and industry. Genomic
studies of Paecilomyces species reveal genomes typically ranging from 27 to 36 Mb
[Visagie et al. 2024], reflecting their considerable genetic diversity and harboring numer-
ous biosynthetic gene clusters (BGCs). These BGCs encode the enzymatic machinery re-
sponsible for synthesizing a vast array of natural products [Wang et al. 2020]. However,
many BGCs often remain transcriptionally silent under standard laboratory conditions,
making their metabolic products undetectable through conventional chemical analysis
[Mózsik et al. 2022]. To overcome this limitation, genome mining, empowered by ad-
vanced bioinformatics tools, has emerged as a powerful and cost-effective strategy. This
approach enables the prediction and characterization of BGCs directly from genomic data,
accelerating the discovery pipeline [Albarano et al. 2020, Fedorova et al. 2012]. In this
study, we employed a comprehensive genome mining approach to analyze a novel Pae-
cilomyces sp. strain, CMI-INPA 1390. This strain was isolated from decaying hardwood
samples collected in the Adolpho Ducke Forest Reserve in Manaus, Amazonas, Brazil,
and is currently undergoing taxonomic description. Our primary focus was to characterize
the biosynthetic potential of this Amazonian isolate through a detailed genomic analysis.

2. Materials and Methods
Strain Isolation and Cultivation Paecilomyces sp. CMI-INPA 1390 was isolated from
a decaying wood trunk in the Reserva Florestal Adolpho Ducke (RFAD), Brazil. Monosporic
cultures were maintained on Malt Extract Agar (MEA) at 28 °C for 48h. For DNA ex-
traction, liquid cultures were grown in Malt Extract Broth (MEB) at 28 °C with 180 rpm
shaking for 7 days.

Genome Sequencing and Assembly Genomic DNA was extracted from mycelia using
the CTAB method [Doyle and Doyle 1987] and quantified (Qubit, Nanodrop). Long-read
sequencing was performed on the Oxford Nanopore PromethION 2 Solo (P2 Solo) plat-
form using R10.4.1 Flow Cells and the Rapid Sequencing Kit (SQK-RBK114.96). Base-
calling was performed using Guppy (v3.0). De novo assembly was carried out using Flye
(v2.9.6) [Kolmogorov et al. 2020] with default parameters.

Genome Quality Assessment and Annotation Genome completeness and duplication
(an indicator of potential contamination or heterozygosity) were assessed with BUSCO
(v6.0.0) [Manni et al. 2021] against the eurotiales odb12 dataset. Gene prediction was
performed using Augustus (v3.3.3) [Stanke et al. 2006] with Aspergillus nidulans as the
training model. Functional annotation utilized BLASTp [Altschul et al. 1990] against
NCBI NR and HMMER (v3.4) [Eddy 2011] against Pfam (v37.4) [Paysan-Lafosse et al. 2025].



Secondary Metabolite Gene Cluster (BGC) Analysis BGCs were predicted and char-
acterized using FungiSMASH (v8.0.2) [Blin et al. 2025] with all functions activated and
’loose’ strictness. Gene cluster families (GCFs) were defined using BiG-SCAPE (v2.0.0)
[Navarro-Muñoz et al. 2020] against MIBiG (v3.1) [Terlouw et al. 2023].

3. Results and Discussion

3.1. Assembly Quality

The whole-genome assembly of the Paecilomyces sp. CMI-INPA 1390 resulted in a
highly contiguous sequence, consisting of six linear scaffolds and one circular scaffold
corresponding to the mitochondrial DNA, for a total of 31,690,111 base pairs, with a mi-
tochondrial genome size of 52 kb. The assembly exhibited an N50 of approximately 5 Mb
and a total percentage of gaps of 0.0%. Further supporting the high quality and complete-
ness of this assembly, BUSCO analysis revealed 98.7% completeness, with 4,310 out of
4,365 expected BUSCO genes found as complete (4,301 single-copy and 9 duplicated).
Only 6 BUSCO genes were fragmented and 49 were missing. This high level of contiguity
and completeness suggests a near-chromosome level assembly. Furthermore, the obtained
six scaffolds are highly compatible with previously inferred chromosome numbers in Pae-
cilomyces. Analyses of complete genomes of Paecilomyces species deposited in the NCBI
database consistently show chromosome numbers varying from 6 to 10 for those with
chromosome-level assemblies. To our knowledge, the only study reporting chromosome
number estimations for Paecilomyces is [Inglis et al. 2005], which performed telomeric
fingerprinting and estimated seven chromosomes for Paecilomyces lilacinus and between
six and nine for Paecilomyces fumosoroseus. However, these taxa have since been reclas-
sified (P. lilacinus as Purpureocillium lilacinum and P. fumosoroseus as Cordyceps fu-
mosorosea), meaning no PFGE-based or related approach are available for chromosome
number determination in true Paecilomyces species.

3.2. Secondary Metabolite Gene Cluster Analysis

In totality, 10 Paecilomyces genomes were compared, including 9 strains containing ref-
erence genomes deposited in the NCBI genome database and the novel focus strain CMI-
INPA 1390. The number of regions containing biosynthetic gene clusters range from 32
to 66 in the reference Paecilomyces spp. genomes, with an average of 41.5 regions. The
analysis presented 42 regions, fitting well within the expected range and average.

Analysis based on number of BGCs across Paecilomyces spp. revealed an aver-
age of 25 BGC classes containing an average of 17.52 representatives each. The strain
on which this work is focused, 1390, showed 12 BGC classes with an average of 3.58
representatives each. The majority of secondary metabolites predicted were classified
as terpene and T1PKS. Suggesting that strain 1390 is a promising source of diverse ter-
penoids and polyketides, which are secondary metabolites with a wide range of biological
activities.

BiG-SCAPE analysis identified a singleton cluster containing all tailoring genes
involved in nidulanin A biosynthesis; however, the NRPS core gene appears largely inac-
tive, having lost the N-terminal portion corresponding to the first 3,819 amino acids and
retaining only the C-terminal 2,340 amino acids, which include a single complete NRPS
module. In the canonical nidulanin A pathway, the NRPS contains four complete modules



with four adenylation domains, each responsible for incorporating one amino acid into
the final product. This loss of modules suggests that the pathway may no longer produce
the full-length peptide, potentially resulting in a shorter scaffold or a structurally simpli-
fied analog of nidulanin A as shown in figure 1C. In Aspergillus puulaauensis MK2, the
upstream and downstream regions of the cluster are highly conserved compared to Pae-
cilomyces sp. CMI-INPA 1390. However, while the core NRPS gene in A. puulaauensis
appears intact and of the expected size, in CMI-INPA 1390 it is altered and retains only
part of the adenylation and condensation domains . This contrast highlights a possible
evolutionary divergence in NRPS functionality, where the Paecilomyces strain may have
lost modules or domains while conserving the surrounding tailoring genes, suggesting
either a repurposing of the pathway as can be seen in figure 1B.

Figure 1. Figure 1. Comparative analyses of Nonribosomal Peptide Synthetase
(NRPS) gene cluster families and the nidulanin A biosynthesis pathway. (A) Gene
Cluster Family (GCF) Network of NRPS BGCs in Paecilomyces species. Notably,
the biosynthetic gene cluster (BGC) associated with the nidulanin A biosynthesis
pathway in Paecilomyces sp. CMI-INPA 1390 forms a unique singleton GCF, high-
lighted within the dashed box, indicating its distinct evolutionary trajectory com-
pared to other characterized clusters within the genus.(B) Synteny comparison
focusing on gene organization and composition of NRPS biosynthetic regions.
This panel presents a detailed comparison of the gene organization and compo-
sition within the NRPS biosynthetic regions of Paecilomyces sp. CMI-INPA 1390,
Aspergillus puulaauensis MK2, and the MIBiG reference cluster BGC0001699 (re-
lated to nidulanin A). It highlights the conserved order of genes and structural el-
ements, providing insights into the evolutionary relationships and potential func-
tional divergences among these pathways.(C) Structural comparison of the core
nidulanin A NRPS gene, highlighting the loss of domains/modules. This panel
provides a structural comparison of the core Nonribosomal Peptide Synthetase
(NRPS) gene involved in nidulanin A biosynthesis. It contrasts the canonical
and complete NRPS structure (typically associated with MIBiG BGC0001699 and
production in Aspergillus nidulans) with the modified NRPS gene found in Pae-
cilomyces sp. CMI-INPA 1390. The Paecilomyces NRPS exhibits a significant
loss of multiple domains and modules compared to the four canonical modules,
although it retains a single complete module. This structural alteration suggests



an evolutionary divergence, which likely leads to the production of a shorter or
structurally simplified nidulanin A analog. Key NRPS domains are indicated:
adenylation (A), thiolation (T), condensation (C), and epimerization (E). For in-
stance, while the canonical A. nidulans pathway incorporates Valine (Val) at M4,
the altered assembly line in Paecilomyces sp. incorporates Leucine (Leu) at M1,
demonstrating functional changes resulting from the modified architecture.

4. Conclusions
This comprehensive genomic analysis of Paecilomyces sp. CMI-INPA 1390 has yielded
several key conclusions that contribute significantly to the fields of mycology and natural
product discovery. The successful generation of a high-quality, near-chromosome level
genome assembly, a valuable resource that provides a robust foundation for future stud-
ies on this novel Amazonian isolate. This high-quality data provides confidence that the
subsequent BGC analysis is both accurate and comprehensive. The study establishes that
while the total number of BGCs in the CMI-INPA 1390 strain falls within the average
range for the genus, the composition of these clusters is unique. The identification of a
lower diversity of gene families, with a particular prevalence of terpene and polyketide-
related clusters, suggests a specialized biosynthetic repertoire with a high potential for
yielding novel chemical structures. This finding highlights that a species’ true biosyn-
thetic value may not be found in the total number of BGCs, but in their unique compo-
sition and evolutionary state. Finally, the discovery and characterization of the modified
NRPS gene, which has lost most of its functional modules while retaining its tailoring
genes, represents a powerful illustration of how genome mining can unveil novel and evo-
lutionarily significant biosynthetic pathways. This finding suggests that the organism has
found a way to repurpose an existing pathway to potentially generate structurally sim-
plified analogs of known compounds, which could possess new or improved biological
activities and functions. This demonstrates the effectiveness of integrating advanced se-
quencing and bioinformatics to overcome the limitations of traditional cultivation-based
screening methods. The work provides a clear case for why a deeper exploration of un-
derexplored environments, such as the Brazilian Amazon, is crucial for identifying novel
genetic and chemical resources. In summary, this Paecilomyces sp. CMI-INPA 1390
strain is a promising subject for future research, confirming that genomic analysis is an
indispensable tool for unlocking the full biosynthetic potential of filamentous fungi.
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