
R E S E A R C H  N OT E Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​
v​e​c​​o​m​m​​o​n​s​.​​o​r​​g​/​l​​i​c​e​​n​s​e​s​​/​b​​y​-​n​c​-​n​d​/​4​.​0​/.

Pavale et al. BMC Research Notes          (2025) 18:503 
https://doi.org/10.1186/s13104-025-07566-9

assembly for O. corvina CBS 281.48 and associated 
gene annotations, which were obtained using a hybrid 
approach combining Illumina short-read and Oxford 
Nanopore long-read sequencing for DNA as well as Illu-
mina sequencing for RNA.

Genome assembly and annotation
O. corvina CBS 281.48 was obtained from the CBS-
KNAW Collection of the Westerdijk Fungal Biodiver-
sity Institute (Utrecht, Netherlands). For DNA and RNA 
extraction, mycelial biomass was generated in 500  ml 
flasks with 200 ml potato dextrose broth that were inoc-
ulated with five to eight mycelial plugs and incubated at 
25 °C, 100 rpm for 7 days. Mycelia were harvested using 
miracoth filters (Merck KGaA, Darmstadt, Germany), 

Introduction
 Onygena corvina is a saprotrophic ascomycete in the 
order Onygenales, capable of colonizing keratinous mate-
rials such as feathers, hooves, and hair [1, 2]. Its kerati-
nolytic potential, coupled with a non-pathogenic nature, 
makes this fungus a promising candidate for keratin 
waste valorization [3, 4]. However, the only existing ref-
erence genome (O. corvina CBS 281.48) is fragmented 
and only partially annotated, limiting in-depth functional 
analyses [5, 6]. Here, we present a high-quality genome 
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Abstract
Objective  Onygena corvina is a non-pathogenic, saprophytic fungus that colonizes feathers, hooves, and hair, and 
represents a valuable source of keratin-degrading enzymes. The only genome assembly of O. corvina available to date 
was obtained for the strain CBS 281.48 using Illumina short-read sequencing, yielding a reference genome composed 
of 521 contigs with a contig N50 of 0.229 Mb.

Results  Here, we report an improved O. corvina CBS 281.48 genome assembly generated using a high-quality hybrid 
approach that combines Illumina short-read and Oxford Nanopore long-read sequencing. The new assembly consists 
of only 13 contigs totaling 21.8 Mb, with an N50 of 4.4 Mb, and has a completeness of 98.4%. A total of 7,232 protein-
coding genes were annotated using an integrative approach that combines de novo predictions, homology-based 
inferences, and RNA-sequencing–guided evidence. Notably, 158 putative protease-coding genes were identified 
representing a substantial increase from the 73 predicted proteases in the previous annotation. Our improved 
genome assembly and associated gene annotations will facilitate comparative genomics, and high-resolution 
mapping of transcriptomic and proteomic data, to advance research on fungal physiology and fungal abilities to 
degrade recalcitrant substrates such as keratin.
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washed with distilled water, flash-frozen in liquid nitro-
gen, and stored at − 80 °C until further use.

Genomic DNA was extracted using the ZYMO 
Research Quick-DNA Miniprep Plus Kit (Zymo Research, 
Freiburg, Germany). For long-read sequencing, a library 
was prepared with a Native Barcoding Expansion Kit 
(EXP-NBD104, Oxford Nanopore Technologies, Oxford, 
UK) and sequenced on a Nanopore PromethION 48 
with a Flow Cell R10.4.1 (FLO-PRO114M). Library con-
struction and sequencing were performed at Biomarker 
Technologies GmbH (Münster, Germany). Base-calling 
and adapter trimming were performed using Dorado 
v0.7.2 (Oxford Nanopore Technologies) in super-accu-
rate mode. The long-read sequencing generated 380,647 
reads, totaling approximately 2.33 Gb, with an aver-
age length of 6,114 bp and with an N50 of 7,952 bp. For 
short-read sequencing, a sample library was prepared for 
Illumina pair-end sequencing (2 × 150 bp) with the Nex-
tera DNA Flex kit (Illumina, San Diego, USA) followed by 
sequencing with an Illumina NovaSeq X platform. Over-
all, the sequencing depth was 106 X.

Total RNA was extracted using the ZYMO Research 
Quick-RNA Miniprep Plus Kit following the manufactur-
er’s instructions. The RNA-seq library was constructed 
using the Ultima Dual-mode mRNA Library Prep Kit for 
Illumina (Yeasen Biotechnology, Shanghai, China) fol-
lowing the manufacturer’s instructions. The library was 
then sequenced on the Illumina NovaSeq X platform, 
yielding 6.77 Gb of 150-bp paired-end reads.

For hybrid de novo assembly, based-called ONT reads 
were first filtered by quality using FiltLong v0.2.1 (​h​t​t​
p​​s​:​/​​/​g​i​t​​h​u​​b​.​c​​o​m​/​​r​r​w​i​​c​k​​/​F​i​l​t​l​o​n​g) with the min_length 
1000 and keep_percent 90 parameters. Illumina reads 
were trimmed (trailing Q at least 28) and filtered (length 
< 50) with trimmomatic 0.38 [7]. The genome assembly 
was generated using Canu v2.3 [8] with the -nanopore-
raw parameters and genome size was set as 30 Mb. The 
obtained assembly was polished using Nanopore reads 
with Racon v. 1.5.0 [9] (2 iterations). Next, the polished 
sequences were subjected to a final round of error cor-
rection using short-read Illumina data with Pilon v1.24 
[10].

There were no assembly gaps, and quality metrics 
indicated 99.96% coverage. The coverage depth of the 
assembled genome was 66.1 X. Assessment of assembly 
completeness using BUSCO v6.0 [11] and the onygen-
ales_odb12 dataset (downloaded in September 2025) 
identified 3674 of 3733 (98.4%) conserved onygenales 
genes, indicating a near-complete assembly. Repeti-
tive sequences were identified using a species-specific 
repeat database constructed with LTR_FINDER [12], 
MITE-Hunter [13], RepeatScout [14], and PILER-DF 
[15]. This database was classified with PASTEClassifier 
[16], merged with Repbase [17], and used for annotation 
with RepeatMasker v4.1.5 [18]. The analysis revealed that 
3.22% of the genome consisted of repeats and that simple 
sequence repeats and unclassified elements made up the 
bulk of repetitive DNA (Table 1). Retroelements (Class 
I) represented 0.93% of the genome, including Long 
Interspersed Nuclear Elements (0.73%, LINE) and Long 
Terminal Repeat elements (0.19%, LTR/Gypsy retroele-
ments). Transposons (Class II) were detected at 0.07%, 
including Miniature Inverted-repeat Transposable Ele-
ments (MITE, 0.05%) and Terminal Inverted Repeat ele-
ments (TIR, 0.02%). In addition, 1.32% of the genome was 
represented by Simple Sequence Repeats (SSR). Some 
repetitive elements that could not be assigned to either 
Class I or Class II were also detected (1.41%).

Prediction of protein-coding genes was carried out by 
integrating de novo, homology-based, and transcriptome-
supported approaches. Genscan [19], GlimmerHMM 
v3.0.4 [20], GeneID v1.4.5 [21], and SNAP [22] were used 
for de novo prediction without RNA-seq support. Augus-
tus v3.1 [23] incorporated RNA-seq reads to improve 
exon-intron boundary predictions while GeMoMa v1.9 
[24] was used to predict genes by leveraging homology 
with closely related fungal genomes (Coccidioides immi-
tis, Coccidioides posadasii and Ophidiomyces ophidiicola) 
as well as RNA-seq evidence to refine the gene annota-
tions. Transcriptomic data were mapped to the genome 
with HISAT2 v2.2.1 [25] and assembled with StringTie 
v2.2.3 [25], after which coding regions were identified 
using TransDecoder v5.7.1 [26] and PASA v2.5.3 [27], 

Table 1  Summary of predicted repeat sequences in the O. 
corvina genome, including the number of elements, their total 
length (bp), and their proportion (%) of the genome
Type Number Length (bp) Percentage (%)
ClassI 161 203,372 0.93
ClassI/LINE 55 160,052 0.73
ClassI/LTR 3 465 0.00
ClassI/LTR/Copia 11 779 0.00
ClassI/LTR/Gypsy 90 42,214 0.19
ClassI/PLE|LARD 2 175 0.00
ClassII 55 14,548 0.07
ClassII/Crypton 4 480 0.00
ClassII/Helitron 2 122 0.00
ClassII/MITE 22 10,126 0.05
ClassII/TIR 21 3,376 0.02
ClassII/Unknown 6 499 0.00
SSR 147 240,272 1.10
Unknown 351 307,127 1.41
Total 363 702,375 3.22
Repeats are classified hierarchically as Class/Superfamily/Family. The first 
term indicates the transposon class (Class I = retrotransposon, Class II = DNA 
transposon), the second term indicates the superfamily, and the third term 
indicates the specific family. Abbreviations: Long Interspersed Nuclear 
Elements; LTR, Long Terminal Repeats; PLE, Penelope-like elements; MITE, 
Miniature Inverted-repeat Transposable Elements; TIR, Terminal Inverted 
Repeats
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using default parameters. The EVidenceModeler (EVM) 
v2.1.0 [28] was used to combine the predictions (de novo, 
homology, and transcriptome-based) of the individual 
software into a consensus gene list and refined further 
using PASA v2.5.3 [27] with RNA-seq transcripts. The 
process resulted in 7,232 protein-coding genes. The aver-
age gene length was 2164 bp, with 3.37 exons per gene 
and an average coding sequence length of 479 bp. Of 
note, 99.01% of gene predictions were supported by tran-
scriptome or homology evidence, indicating high reliabil-
ity of these predictions.

Comparative genomic analysis
Compared to the previous genome assembly 
(GCA_000812245.1), the updated O. corvina genome 
is more contiguous. While the total assembly length 
remains ~ 21.8 Mb, the number of contigs was reduced 
from 521 to 13. The contig N50 was increased substan-
tially from 0.229 Mb to 4.41 Mb, with the largest contig 
now spanning 6.85 Mb (Table 2). Sequence alignment 
using Minimap2 [29] and DGENIES [30] revealed 98.65% 
identity with the earlier version of the genome, indicating 
high identity and collinearity (Fig. 1A).

In addition to the 13 contigs representing the nuclear 
genome, a separate contig (contig 6) corresponding to 
the mitochondrial genome was also recovered. While 
the length of this contig (21.4 Mb) is slightly less than the 
previous mitochondrial genome assembly (NC_082835.1, 
24.3 Mb), sequence alignment with Minimap2 [29] and 
DGENIES [30] revealed high identity (99.92%) between 
the region spanning 9–8,599 bp of the new mitochon-
drial assembly and 15,753–24,343 bp of the old assembly, 

as well as between the region spanning 8,606–21,413 bp 
of the new assembly and 3–12,810 bp of the old assembly 
(Fig. 1B).

Functional genomics and keratin degradation 
potential
We additionally conducted a secondary metabolite clus-
ter analysis using antiSMASH (v8.0) for fungi, with the 
detection strictness set to relaxed [31]. A total of 32 bio-
synthetic gene clusters (BGCs) were identified, including 
terpene, type I polyketide synthase (T1PKS), non-ribo-
somal peptide synthetase (NRPS), and hybrid PKS-NRPS 
clusters. Several BGCs showed high similarity to known 
clusters: YWA1 [32] (polyketide); AbT1 [33] and chrys-
ogine [34] (both NRPS); clavaric acid [35] (terpene); and 
tolypyridone C [36] (hybrid PKS-NRPS).

Given the ability of O. corvina to colonize and degrade 
keratin-rich substrates, we explored its keratinolytic 
potential through genome-wide prediction of proteases. 
Through motif recognition using the Homology to Pep-
tide Pattern (Hotpep) pipeline, 158 proteases were pre-
dicted, a substantial expansion from the 73 identified 

Table 2  Assembly statistics for the previous (PRJNA270018) and 
new (PRJNA1280007) version of the O. corvina genome
Characteristic Previous version 

(PRJNA270018)
New version
(PRJNA1280007)

Genome Size (Mb) 21.7 21.8
Number of contigs 521 13
Largest Contig size (Mb) 0.933 6.854
Contig N50 (Mb) 0.229 4.410
GC percent 48 48

Fig. 1  Comparison of the new and previous version of the O. corvina nuclear genome and mitochondrion. A Alignment between the new version 
(PRJNA1280007) (top) and the previous version (PRJNA270018/GCA_000812245.1) (right) of the O. corvina nuclear genome. B Alignment between the 
new (PX395520) (top) and previous version (NC_082835.1) (right) of the O. corvina mitochondrial genome. The alignments were visualized with D-GENIES, 
where the coloration corresponds to the percent identity as per the legend
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in the previous assembly [1]. These spanned across six 
MEROPS [37] families including aspartic proteases (A; 
n = 6), asparagine/peptidyl-lyases (N; n = 1), metallopro-
teases (M; n = 51), cysteine proteases (C; n = 34), serine 
proteases (S; n = 53), and threonine proteases (T; n = 13). 
Out of 158 proteases, 59 were predicted to be secreted 
based on signal peptide and transmembrane domain 
analysis using SignalP 5.0 [38] and TMHMM [39] v2.0 
(Fig. 2A). Further classification based on subcellular 
localization showed that the secreted proteases were 
predominantly serine and metalloproteases, while the 
non-secreted proteases largely belonged to cysteine and 
metalloprotease families (Fig. 2B). Additionally, we iden-
tified 189 carbohydrate-active enzymes (CAZymes) in 
the O. corvina genome, using dbCAN3 [40]. Of these, 38 
were predicted to be secreted, including glycoside hydro-
lases (GH; n = 27), carbohydrate esterases (CE; n = 2), 
auxiliary activity enzymes (AA; n = 8), and glycosyltrans-
ferases (GT; n = 1). Of note, two genes (Onygena_corvi-
na0G042260.1 and Onygena_corvina0G066340.1) coding 
for lytic polysaccharide monooxygenases (LPMOs) in 
AA11 family were detected, corroborating earlier find-
ings for O. corvina and related keratin-degrading fungi 
[41]. While AA11-type LPMOs are known to act on crys-
talline chitin [42, 43] and soluble chitin fragments [44], 
these redox enzymes have been proposed to facilitate 
cleavage of keratin, possibly by targeting its carbohydrate 
components [2].

Limitations
Comparative genomic analyses beyond basic assembly 
comparisons were not performed, and further inves-
tigations are needed to determine the phylogenetic 
placement and taxonomic relatedness of O. corvina to 
other keratin-degrading fungi. Additionally, functional 

validation of the predicted proteases and CAZymes 
remains to be carried out.
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CAZymes	� Carbohydrate-active enzymes
CE	� Carbohydrate esterases
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GH	� Glycoside hydrolases
GH	� Glycosyltransferases
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