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Draft genome sequence of Penicillium citrinum B9, a plant 
growth-promoting symbiont from barley rhizosphere
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ABSTRACT Penicillium citrinum strain B9 is a plant growth-promoting fungus isolated 
from Barley (Hordeum vulgare) rhizosphere. We report the first draft genome of P. 
citrinum B9 assembled using single-molecule real-time sequencing and Illumina reads. 
The assembled genome spans 31.3 Mb comprising nine contigs and 10,106 protein-
encoding genes.
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P enicillium citrinum, a commonly occurring filamentous fungus of the family 
Aspergillaceae, has a worldwide distribution across all environments including soil, 

vegetation, and food products (1). Furthermore, P. citrinum also has been reported as 
an endophytic fungus that forms mutualistic relationship benefiting a broad range of 
plant genera as potential hosts (1, 2). P. citrinum isolate B9 is one such plant growth-pro
moting fungal strain initially isolated from the rhizosphere of barley. It has recently 
been shown to produce volatile organic compounds and bioactive phytohormones, 
such as gibberellins and auxin, which are involved in significant induction of growth in 
Brassicaceae hosts such as Choy Sum and Arabidopsis (3, 4).

Two-week-old barley plants grown in soil under greenhouse conditions were 
collected and processed under aseptic conditions. Surface sterilized roots (70% ethanol 
for 2 min followed by 10 washes in distilled water) were cut and homogenized using 
a sterile pestle and mortar, filtered, and plated on Prune juice agar medium. Individual 
fungal colonies were then purified and incubated in Complete Medium broth at 28°C 
for 7 days. Genomic DNA was extracted using the MasterPure Yeast DNA Purification 
kit (Lucigen, Biosearch Technologies) and used subsequently for PCR amplification. The 
isolate B9 was identified as P. citrinum based on the nucleotide sequence of the internal 
transcribed spacer (ITS) regions (ITS1 and ITS4) (3).

The whole-genome DNA library preparation, sequencing, and de novo assembly of 
the genome were performed by Macrogen (Macrogen, Singapore). Library preparation 
was carried out using the SMRTbell template prep kit, followed by single-molecule 
real-time (SMRT) sequencing on the PacBio RS II platform. Short reads were generated on 
the Illumina Novaseq platform (Illumina, USA) using whole-genome shotgun libraries. A 
total of 1,145,802 long reads were generated from the PacBio Sequel II platform (Pacific 
Biosciences, USA) which was used for de novo assembly with HGAP version 4.0 (4). It 
was then polished in Arrow (5) and error corrected using Pilon version 1.21 (6). The final 
assembly resulted in nine contigs with the largest contig that is 5,743,566 bp in length. A 
total of 19,916,750 short reads were generated from Illumina Novaseq platform (Illumina, 
USA). Reads with Phred score below 20 were filtered to obtain 13,329,018 reads. To 
validate the accuracy of the assembly, Illumina reads were used to map to the assembly. 
Of the filtered reads, 12,671,379 reads were mapped to the assembled contigs with a 
coverage of 99.99% and a depth of 58.65. A consensus sequence of the mapped reads 
was generated for taxonomic identification. Genome single-copy ortholog analysis was 
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performed with BUSCO version 3 (7) using eukaryote_odb10 lineage data set, and it 
reported a genome completeness of 100.00%.

For genome annotations, MAKER v3.01.03 (8) was run with SNAP v2006-07-28 (9), 
and predictions were curated using InterProScan v5.30 (10) and Psi-Blast (11) against the 
eggNOG database v4.5 (12) with E-value of 1e-05. A total of 10,106 genes were predicted. 
The annotation results showed that the genome possesses mostly carbohydrate, amino 
acid, nucleotide, and lipid metabolism-related genes. Notably, it has 268 genes encoding 
for the biosynthesis of secondary metabolites and 450 gene functions for amino acid 
transport and metabolism. The genomic information could provide in-depth insight into 
P. citrinum genetics and biology, and comparative analyses in future studies on beneficial 
endophytic fungi and their plant growth-promoting secondary metabolites, such as 
gibberellins and cytokinin, for sustainable improvement of agricultural crop production.
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The complete genome sequence of Penicillium citrinum has been depos
ited in DDBJ/EMBL/GenBank under the accession number JAWVBB000000000 
(https://www.ncbi.nlm.nih.gov/nuccore/2665898726). The version described here 
is JAWVBB000000000.1. The Bioproject number is PRJNA1033827, and Biosam
ple number SAMN38047054 and the corresponding Sequence Read Archive 
(SRA) numbers are SRR26591480 (https://www.ncbi.nlm.nih.gov/sra/SRR26591480), 
SRR26591481 (https://www.ncbi.nlm.nih.gov/sra/SRR26591481), and SRR26591482 
(https://www.ncbi.nlm.nih.gov/sra/SRR26591482).

Announcement Microbiology Resource Announcements

August 2024  Volume 13  Issue 8 10.1128/mra.00354-24 2

https://www.ncbi.nlm.nih.gov/nuccore/JAWVBB000000000
https://www.ncbi.nlm.nih.gov/nuccore/2665898726
https://www.ncbi.nlm.nih.gov/nuccore/JAWVBB000000000.1
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1033827
https://www.ncbi.nlm.nih.gov/biosample/SAMN38047054
https://www.ncbi.nlm.nih.gov/sra/SRR26591480
https://www.ncbi.nlm.nih.gov/sra/SRR26591480
https://www.ncbi.nlm.nih.gov/sra/?term=SRR26591481
https://www.ncbi.nlm.nih.gov/sra/SRR26591481
https://www.ncbi.nlm.nih.gov/sra/?term=SRR26591482
https://www.ncbi.nlm.nih.gov/sra/SRR26591482
https://doi.org/10.1128/mra.00354-24


REFERENCES

1. Houbraken JAMP, Frisvad JC, Samson RA. 2010. Taxonomy of Penicillium 
citrinum and related species. Fungal Diversity 44:117–133. https://doi.
org/10.1007/s13225-010-0047-z

2. Khan SA, Hamayun M, Yoon H, Kim H-Y, Suh S-J, Hwang S-K, Kim J-M, Lee 
I-J, Choo Y-S, Yoon U-H, Kong W-S, Lee B-M, Kim J-G. 2008. Plant growth 
promotion and Penicillium citrinum. BMC Microbiol. 8:1–10. https://doi.
org/10.1186/1471-2180-8-231

3. Gu K, Chen CY, Selvaraj P, Pavagadhi S, Yeap YT, Swarup S, Zheng W, 
Naqvi NI. 2023. Penicillium citrinum provides transkingdom growth 
benefits in choy sum (brassica rapa var. Parachinensis). JoF 9:420. https://
doi.org/10.3390/jof9040420

4. Chen C-Y, Selvaraj P, Naqvi NI. 2023. Functional analysis of Auxin derived 
from a symbiotic mycobiont. Front Plant Sci 14:1216680. https://doi.org/
10.3389/fpls.2023.1216680

5. Chin C-S, Alexander DH, Marks P, Klammer AA, Drake J, Heiner C, Clum A, 
Copeland A, Huddleston J, Eichler EE, Turner SW, Korlach J. 2013. 
Nonhybrid, finished microbial genome assemblies from long-read SMRT 
sequencing data. Nat Methods 10:563–569. https://doi.org/10.1038/
nmeth.2474

6. Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar S, Cuomo 
CA, Zeng Q, Wortman J, Young SK, Earl AM. 2014. Pilon: an integrated 
tool for comprehensive microbial variant detection and genome 
assembly improvement. PLoS One 9:e112963. https://doi.org/10.1371/
journal.pone.0112963

7. Seppey M, Manni M, Zdobnov EM. 2019. BUSCO: assessing genome 
assembly and annotation completeness. Methods Mol Biol:227–245. 
https://doi.org/10.1007/978-1-4939-9173-0_14

8. Campbell MS, Holt C, Moore B, Yandell M. 2014. Genome annotation and 
curation using MAKER and MAKER‐P. Curr Protoc Bioinformatics 48:4. 
https://doi.org/10.1002/0471250953.bi0411s48

9. Zaharia M, Bolosky WJ, Curtis K, Fox A, Patterson D, Shenker S, Stoica I, 
Karp RM, Sittler T. 2011. Faster and more accurate sequence alignment 
with SNAP. arXiv. https://doi.org/10.48550/arXiv.1111.5572

10. Quevillon E, Silventoinen V, Pillai S, Harte N, Mulder N, Apweiler R, Lopez 
R. 2005. InterProScan: protein domains identifier. Nucleic Acids Res 
33:W116–W120. https://doi.org/10.1093/nar/gki442

11. Altschul SF, Madden TL, Schäffer AA, Zhang J, Zhang Z, Miller W, Lipman 
DJ. 1997. Gapped BLAST and PSI-BLAST: a new generation of protein 
database search programs. Nucleic Acids Res 25:3389–3402. https://doi.
org/10.1093/nar/25.17.3389

12. Huerta-Cepas J, Szklarczyk D, Forslund K, Cook H, Heller D, Walter MC, 
Rattei T, Mende DR, Sunagawa S, Kuhn M, Jensen LJ, von Mering C, Bork 
P. 2016. eggNOG 4.5: a hierarchical orthology framework with improved 
functional annotations for eukaryotic, prokaryotic and viral sequences. 
Nucleic Acids Res 44:D286–D293. https://doi.org/10.1093/nar/gkv1248

Announcement Microbiology Resource Announcements

August 2024  Volume 13  Issue 8 10.1128/mra.00354-24 3

https://doi.org/10.1007/s13225-010-0047-z
https://doi.org/10.1186/1471-2180-8-231
https://doi.org/10.3390/jof9040420
https://doi.org/10.3389/fpls.2023.1216680
https://doi.org/10.1038/nmeth.2474
https://doi.org/10.1371/journal.pone.0112963
https://doi.org/10.1007/978-1-4939-9173-0_14
https://doi.org/10.1002/0471250953.bi0411s48
https://doi.org/10.48550/arXiv.1111.5572
https://doi.org/10.1093/nar/gki442
https://doi.org/10.1093/nar/25.17.3389
https://doi.org/10.1093/nar/gkv1248
https://doi.org/10.1128/mra.00354-24

	Draft genome sequence of Penicillium citrinum B9, a plant growth-promoting symbiont from barley rhizosphere

