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Draft genome sequence of mangrove-isolated fungus
Trichoderma reesei MA2 reveals potential antifungal compounds

and other secondary metabolites
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ABSTRACT Trichoderma reesei MA2, isolated from Costarrican mangrove, exhibits
biosynthetic potential to produce antifungal compounds and other secondary metab-
olites. The assembled genome was 33.4 Mb, with 9,510 protein-coding genes and 35
biosynthetic gene clusters, highlighting the potential of T. reesei MA2 as a source of
unexplored bioactive compounds.
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R ecently, biosynthetic gene clusters (BGCs) encoding hybrid polyketide synthase-non-
ribosomal peptide synthetases (PKS-NRPS) were identified in Trichoderma reesei (1,
2). These data revealed the production of ilicicolin H and K, both antifungal metabo-
lites, sharing similar chemical properties and functioning as inhibitors of the mitochon-
drial respiratory chain (3). Here, we report the draft genome sequence, assembly, and
annotation of T. reesei MA2 (4), isolated from mangrove sediment in Costa Rica.

Strains were isolated from Manuel Antonio National Park, Costa Rica. Ten grams of
the collected sample was mixed with 90 mL of sterile filtered seawater (5 m) and shaken
for 20 min at 150 rpm at room temperature. Serial dilutions were then made up to
10-2 in sterile filtered seawater. From each dilution, 100 pL per spread was inoculated
in duplicate on potato dextrose agar (PDA) (BD) supplemented with 0.1 g/mL penicil-
lin-streptomycin. The isolate was preserved as part of the collection of Laboratorio de
Bioinformatica Aplicada from Universidad Nacional. The species was confirmed through
internal transcribed spacer (ITS) sequencing (GenBank accession number PP853646.1).

Isolate MA2 was grown in PDA for 7 days at 30°C in an orbital incubator (120 rpm),
and DNA was extracted using the FastDNA Spin Kit for Soil (MP Biomedicals, Solon OH,
USA) and a homogenizer (MM40, Retsch, Haan, Germany) according to the manufactur-
er's protocol. Genome sequencing was performed using NovaSeq 6000 with the VAHTS
Universal DNA Library Prep Kit for lllumina V4 platform in a paired-end 2 x 150 bp mode
with a total of 6,195,146 paired-end sequence reads.

Adapters and low-quality sequences were trimmed using Trim Galore (v0.4.3) (5).
De novo assembly was generated using SPAdes (v3.15.4) with a k-mer length of
89,95,97,101,107,117, and 127 with other default parameters (6). The assembly was
improved with MeDusa scaffolder using T. reesei QM6a as reference (GCF_000167675.1)
(7). Augustus (v3.3), with Fusarium graminearum as training set, was used to anno-
tate proteins (8). tRNAs and rRNAs were predicted with tRNA-scan-SE (v2.0.5) and
Barrnap (v0.9), respectively (9, 10). Genome completeness was assessed using Bench-
marking Universal Single-Copy Orthologs (BUSCO) (v5.4.3) against the fungi_odb10,
ascomycota_odb10, and hypocreales_odb10 databases (11). Analysis of BGCs encoding
PKS-NRPS was performed using antiSMASH fungal version (v8.0) (12).
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Sequencing yielded an average depth of 36.7x, and the final assembly resulted in

33.4 Mb, distributed in 259 scaffolds with an N50 of 1,068,146 bp and a GC content
of 49.90% with 9,510 coding genes, 207 tRNAs, and 62 rRNA sequences. BUSCO results
exhibited 99.0% (complete and single-copy BUSCOs [S]; 98.9%, complete and duplicated
BUSCOs [D]: 0.1%), 98.6% (S: 98.4%, D: 0.2%), and 97.4% (S: 97.3%, D: 0.1%) of genome
completeness against the Fungi (n = 758), Ascomycota (n = 1,706), and Hypocreales
(n = 4,494) data sets, respectively. antiSMASH identified a total of 35 BGCs, comprising
11 terpene clusters, 10 NRPS clusters, eight type | PKS (T1PKS) clusters, and six hybrid
clusters.

A T1PKS-NRPS cluster was found within scaffold 17 of the assembly (coordinates: nt

1208843-1274512), showing high similarity to the MIBiG database entry BGC0002035,
which corresponds to the ilicicolin H BGC from Neonectria sp. DH2 (13). Furthermore, two
additional hybrid BGCs, the NRPS-T1PKS cluster on scaffold 3 (coordinates: nt 279802-
389733) and the T1PKS-NRPS-terpene cluster on scaffold 6 (coordinates: nt 1-111042),
showed no similarity to any previously reported BGCs in the MIBiG database.

Our results underscore the potential capacity of T. reesei MA2 to produce novel

antifungal agents and enhance its value as a source of secondary metabolites of
biotechnological interest, complementing its well-established industrial role as producer
of lignocellulolytic enzymes.

ACKNOWLEDGMENTS

We thank Fondos Especiales para la Educacion Superior of the Consejo Nacional de
Rectores, Costa Rica.

This research was supported by SIA-0062-22 registered at the Universidad Nacional de

Costa Rica. Access to the genetic resource was issued by the "Ministry of the Environ-
ment, Energy and Technology" (MINAET; permit numbers: R-CM-UNA-0010-2022).

AUTHOR AFFILIATION

'Laboratorio de Bioinformatica Aplicada, Escuela de Ciencias Biolégicas, Universidad
Nacional, Heredia, Costa Rica

AUTHOR ORCIDs

Stefany Solano-Gonzalez ) http://orcid.org/0000-0002-1167-2174

FUNDING

Funder

Grant(s)

Author(s)

Vicerrectoria de Investigacion, Universidad

Nacional de Costa Rica

SIA-0062-22 Stefany Solano-Gonzélez

DATA AVAILABILITY

The whole-genome shotgun project has been deposited in the GenBank database
under the BioSample accession number PRINA1278790 and at DDBJ/ENA/GenBank
under the accession JBQXYMO000000000. The version described in this paper is version
JBQXYMO010000000. The SRA data are available under the accession SAMN49246600.

REFERENCES

1.

Shenouda ML, Ambilika M, Cox RJ. 2021. Trichoderma reesei contains a
biosynthetic gene cluster that encodes the antifungal agent ilicicolin H. J
Fungi (Basel) 7:1034. https://doi.org/10.3390/jof7121034

Burger I, Schmal M, Peikert K, Fourtis L, Suster C, Stanetty C, Schnalzer D,
Hufnagel B, Bottcher T, Birner-Gruenberger R, Mach RL, Mach-Aigner AR,
Schittmayer M, Zimmermann C. 2025. Discovery of the antifungal
compound ilicicolin K through genetic activation of the ilicicolin

Month XXXX Volume 0 Issue 0

biosynthetic pathway in Trichoderma reesei. Biotechnol Biofuels Bioprod
18:32. https://doi.org/10.1186/513068-025-02628-3

Zhang Z, Jamieson CS, Zhao YL, Li D, Ohashi M, Houk KN, Tang Y. 2019.
Enzyme-catalyzed inverse-electron demand Diels-Alder reaction in the
biosynthesis of antifungal ilicicolin H. J Am Chem Soc 141:5659-5663. ht
tps://doi.org/10.1021/jacs.9b02204

10.1128/mra.00720-25 2

Downloaded from https://journals.asm.org/journal/mra on 16 February 2026 by 45.162.204.10.


http://orcid.org/0000-0002-1167-2174
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1278790/
https://www.ncbi.nlm.nih.gov/nuccore/JBQXYM000000000.1/
https://www.ncbi.nlm.nih.gov/nuccore/JBQXYM000000000.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN49246600
https://doi.org/10.3390/jof7121034
https://doi.org/10.1186/s13068-025-02628-3
https://doi.org/10.1021/jacs.9b02204
https://doi.org/10.1128/mra.00720-25

Month XXXX Volume 0

Announcement

Fallas-Méndez A, Solano-Campos F, Mau-Inchaustegui S, Séenz-Arce G,
Solano-Campos S. 2024. Costa Rican fungi as potential biomaterials.
Tecnologia en Marcha 37:6-10. https://doi.org/10.18845/tm.v37i7.7291
Krueger F. 2015. Trim galore: a wrapper tool around Cutadapt and
FastQC to consistently apply quality and adapter trimming to FastQ files.
Available from: https://www.bioinformatics.babraham.ac.uk/projects/tri
m_galore

Prjibelski A, Antipov D, Meleshko D, Lapidus A, Korobeynikov A. 2020.
Using SPAdes de novo assembler. Curr Protoc Bioinformatics 70:e102. htt
ps://doi.org/10.1002/cpbi.102

Bosi E, Donati B, Galardini M, Brunetti S, Sagot M-F, Lié P, Crescenzi P,
Fani R, Fondi M. 2015. MeDuSa: a multi-draft based scaffolder.
Bioinformatics 31:2443-2451. https://doi.org/10.1093/bioinformatics/bt
v171

Stanke M, Steinkamp R, Waack S, Morgenstern B. 2004. AUGUSTUS: a
web server for gene finding in eukaryotes. Nucleic Acids Res 32:W309-
W312. https://doi.org/10.1093/nar/gkh379

Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved
detection of transfer RNA genes in genomic sequence. Nucleic Acids Res
25:955-964. https://doi.org/10.1093/nar/25.5.955

Issue 0

10.

1.

12.

13.

Microbiology Resource Announcements

Seemann T. 2013. barrnap 0.9: rapid ribosomal RNA prediction. Available
from: https://github.com/tseemann/barrnap

Manni M, Berkeley MR, Seppey M, Simao FA, Zdobnov EM. 2021. BUSCO
update: novel and streamlined workflows along with broader and
deeper phylogenetic coverage for scoring of eukaryotic, prokaryotic,
and viral genomes. Mol Biol Evol 38:4647-4654. https://doi.org/10.1093/
molbev/msab199

Blin K, Shaw S, Vader L, Szenei J, Reitz ZL, Augustijn HE, Cediel-Becerra
JDD, de Crécy-Lagard V, Koetsier RA, Williams SE, et al. 2025. antiSMASH
8.0: extended gene cluster detection capabilities and analyses of
chemistry, enzymology, and regulation. Nucleic Acids Res 53:W32-W38.
https://doi.org/10.1093/nar/gkaf334

Kautsar SA, Blin K, Shaw S, Navarro-Mufioz JC, Terlouw BR, van der Hooft
JJJ, van Santen JA, Tracanna V, Suarez Duran HG, Pascal Andreu V,
Selem-Mojica N, Alanjary M, Robinson SL, Lund G, Epstein SC, Sisto AC,
Charkoudian LK, Collemare J, Linington RG, Weber T, Medema MH. 2020.
MIBIG 2.0: a repository for biosynthetic gene clusters of known function.
Nucleic Acids Res 48:D454-D458. https://doi.org/10.1093/nar/gkz882

10.1128/mra.00720-25 3

Downloaded from https://journals.asm.org/journal/mra on 16 February 2026 by 45.162.204.10.


https://doi.org/10.18845/tm.v37i7.7291
https://www.bioinformatics.babraham.ac.uk/projects/trim_galore
https://doi.org/10.1002/cpbi.102
https://doi.org/10.1093/bioinformatics/btv171
https://doi.org/10.1093/nar/gkh379
https://doi.org/10.1093/nar/25.5.955
https://github.com/tseemann/barrnap
https://doi.org/10.1093/molbev/msab199
https://doi.org/10.1093/nar/gkaf334
https://doi.org/10.1093/nar/gkz882
https://doi.org/10.1128/mra.00720-25

	Draft genome sequence of mangrove-isolated fungus Trichoderma reesei MA2 reveals potential antifungal compounds and other secondary metabolites

