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ABSTRACT

The genus Talaromyces encompasses fungal species inhabiting various environments, including soil,
marine sponges, food materials, and plant parts. Talaromyces trachyspermus 4014, a filamentous fungus isolated
from the leaves of the medicinal plant Withania somnifera, exhibits plant growth-promoting and pathogen-
antagonistic properties. This study presents the first de novo whole genome sequence assembly of T.
trachyspermus 4014, including the complete mitochondrial genome. The strain was confirmed based on ITS
region homology, showing a close relation to 7. assuitensis, T. gossypii, and T. aurantiacus. The assembled
genome size is approximately 29 mb with 49.3% GC content, comprising 10,892 protein-coding genes. The key
genes involved in ITAA production, siderophore biosynthesis, and various hydrolases were identified,
highlighting the strain's potential for agricultural applications. Comparative analysis revealed its mitochondrial
genome's high similarity with 7. marneffei. This comprehensive genomic data enhances our understanding of 7.
trachyspermus 4014's beneficial traits, laying the groundwork for future research and biotechnological
exploitation.
KEYWORDS: Talaromyces trachyspermus, Whitania somnifera, Endophyte, Fungal Genome, Mitochondria
Genome
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INTRODUCTION

The genus Talaromcyes comprises fungal species that inhabit diverse environments such as soil and
forest soil [1, 2], marine sponges [3]; food materials [4]; House dust [5], HIV/AIDS patient [6], decaying wood
[7] , plants parts [8-10] exploring life cycle either as a saprophytic, symbiotic, pathogenic or combination and
survive in diverse ecological niche. Talaromyces genus is a group of species with soft ascospore, interwoven
hyphae, and yellow ascomata [11], later included the imperfect species of subgenus Biverticillium of genus
Penicillium [12, 13] and also characterized based on internal transcribed spacer (ITS) sequence, small and large
rRNA [14, 15]. The filamentous fungi, Talaromyces trachyspermus species belongs to the kingdom: Fungi, sub-
kingdom: Dikarya, phylum: Ascomycota (sac fungi), sub-phylum: Pezizomycotina, class: Eurotiomycetes, order:
Eurotials, family: Trichocomaceae and genus: Talaromyces that produces asci in chain [15]. Talaromyces
species are industrially [16, 17], environmentally [18], and medically [19] important and have the potential for
the production of various bioactive molecules. It is reported that around 221 bioactive molecules are produced
by the species of genus Talaromyces composed of alkaloids, peptides, esters, polyketides, quinones, steroids, and
terpenoids [20].

An endophytic fungi, Talaromyces trachyspermus 4014 was isolated from the leaves of the medicinal
plant Withania somnifera obtained from Vindhya Herbal, Barkhera Pathani, Bhopal, Madhya Pradesh, India [9].
The endophytic fungi in symbiotic association with plants stimulate the synthesis of phytohormones and
bioactive molecules [21, 22]. In our study on T. frachyspermus 4014, a fungal strain was detected to produce
IAA, siderophore, protease, cellulase, chitinase, amylase, lipase, and phosphatase, which indicates the plant
growth-promoting characteristics [9]. The antagonistic activity was shown by this strain against plant pathogens
[9] as also reported by Dethoup et al. [23] in case of T. trachyspermus strain KUFA 0021.

We present the first report on the de novo whole genome sequence assembly of 7. trachyspermus 4014,
including the complete mitochondrial genome sequence. The identification of the 7. trachyspermus strain was
confirmed based on ITS region homology, showing a close relation to 7. assuitensis, T. gossypii, and T.
aurantiacus. Mitochondrial genome comparison revealed its closeness to 7. Marneffeia and T. pinophilus. This
study focuses on genome assembly, gene prediction, annotation, metabolic pathway prediction, and analysis of
predicted proteins involved in the processes of plant growth promotion and antagonistic properties. The related
data are submitted to the NCBI genome database. The data related to BioSample: SAMN15692527, BioProject:
PRINA650128 and genome: JACGXQ010000001- JACGXQ010000015 and mitochondrial genome: CM035349
are submitted to NCBI genome database (https://ncbi.nlm.nih.gov/genome, submission date: 05-10-2021)

MATERIALS AND METHODS
1. Fungal strain Isolation and Culturing

The wild plant of Whitania somnifera (L) was obtained from the nursery of Vindhay Herbal, a Madhya
Pradesh State Forest Produce (T & D) Co. Fed., Bhopal in the year 2015 and planted at Department of
Microbiology, Barkatullah University, Bhopal. The plant species was identified by Vindhya Herbal and by Prof.
Anil Prakash at Department of Microbiology, Barkatullah University. The leaf samples were surface sterilized
using a series of washes in 70% ethanol for 1 minute, 2% sodium hypochlorite for 5 minutes, and rinsed three
times in sterile distilled water. The surface-sterilized leaves were cut into small segments (5 mm x 5 mm) and
placed on potato dextrose agar (PDA) plates supplemented with chloramphenicol (100 pg/mL) to inhibit
bacterial growth. The plates were incubated at 28°C for 7 days. The emerging fungal colonies were subcultured
on fresh PDA plates to obtain pure cultures. The potential endophytic fungal strain was identified at National
Fungal Culture Collection of India (NFCCI), Agarkar Research Institute, Pune, India; as Talaromyces
trachyspermus. The fungal strain was submitted to NFCCI, Pune with an accession number NFCCI4014.


https://ncbi.nlm.nih.gov/genome

91

92

93

94

95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

2. Genomic DNA Extraction and Sequencing

Genomic DNA was extracted from the mycelium of 7. trachyspermus 4014 grown in liquid PDA
medium for 5 days at 28°C. The DNA was extracted from the around 250mg fungal biomass using DNeasy
PowerSoil Pro Kit (Qiagen) according to the protocol. The quality and concentration of the DNA was assessed
using Nanodrop Lite Spectrophotometer (Thermo Fisher Scientific), and Qubit fluorometer (Thermo Fisher
Scientific). The extracted DNA was subjected to nanopore sequencing. The library preparation was carried out
following the manufacturer’s protocol from Oxford Nanopore Technology (ONT). Briefly, 400 ng of the
extracted DNA was used in triplicates for end-repair and barcoding. Each replicate was barcoded independently
using Native Barcoding Kit 24 V14 (SQK-NBD114.24, ONT). Following this, the barcoded samples were
adapter ligated and then after elution, the library was loaded onto the flow cell (FLO-MIN-106, R9 Version).
The sequencing platform used for this experiment was MinlON™ Mk1B (ONT), with Parallel Basecalling,
FAST basecalling mode of GUPPY5.0.1.

3. Genome Assembly and Annotation

The Quality of the Oxford Nanopore raw reads was analyzed by FastQC 0.11.8 [24] software tool. The
read correction, trimming, and assembly were carried out by Canu v2.0 assembler [25] with default parameters
and a minimum read length of 1000 bps Genome completeness was checked by BUSCOv5 [26] and CEGMA
[27]. The assembly quality was assessed using QUAST v5.2 [28].

The genome assembly scaffolds were annotated by the Genome Sequence Annotation Server (GenSAS)
[29]. Genome completeness was checked by BUSCO v3.1.0 software [30]. Genomic repeat regions were
analyzed by RepeatMasker v4.1.1 [31] and de novo repeat masker, RepeatModeler v2.0.1. [32]. The tools,
Augustus 3.3.1 [33], GeneMarkES 4.48 [34], and GlimmerM 2.5.1 [35] were used for gene prediction. The
consensus of predicted genes was obtained using the Evidence Modeler 1.1.1 [36] and refined by PASA 2.4.1
[37]. Further, the predicted genes were aligned with the set of reference fungal proteins from the UniProtKB
database by BLASTX [38] and DIAMOND 2.0.6 [39] and NCBI fungal transcript sequences by BLASTN
2.11.0 [38], PASA 2.4.1 [37] and pBLAT [40]. Functional analysis of the official gene set was done by BLASTP
2.11.0 [38], DIAMOND 2.0.6 [39], InterProScan 4.44-79.0 [41], Pfam 1.6 [42] analysis and SignalP 5.0b [43].
Ribosomal RNA and tRNA were predicted by the tool, RNAmmer [44] and tRNAScan-SE [45], respectively.

The mitochondrial genome was separated from the whole genome assembly as contigb by the virtue of
circularization detected by CANU software and its low GC content (25.3 %). The initial assembly, contig6 of a
length of 58664 bps was analyzed using the VISTA, PipMaker [46], and Mauve [47] for duplication of genomic
regions that were removed to get the final assembly of length 38945 bps.
4. Bioinformatics Analysis

Functional categorization of the predicted proteins was conducted using the Gene Ontology (GO)
database. Metabolic pathways were reconstructed using the Kyoto Encyclopedia of Genes and Genomes
(KEGG), KO (KEGG Orthology) assignment by BlastKOALA and GhostKOALA [48]. The gene clusters of
secondary metabolite synthesis were predicted by antiSMASH 8.0 [49]. Phylogenetic analysis was performed
using the ITS region sequences and mitochondrial genome sequence of T. trachyspermus 4014 and closely
related species. Multiple sequence alignment was conducted using ClustalW, and a phylogenetic tree was
constructed using MEGA X with the Maximum Likelihood method with 1,000 bootstrap replications.
5. Plant Growth-Promoting Traits and Antagonistic Activity

The production of indole-3-acetic acid (IAA) by T. trachyspermus 4014 was quantified using the
Salkowski reagent method. Siderophore production was assessed using Chrome Azurol S (CAS) agar plates. The
production of hydrolytic enzymes (protease, cellulase, chitinase, amylase, lipase, and phosphatase) was
determined using specific substrate-based assays. Antagonistic activity against plant pathogenic fungi was
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evaluated using a dual culture assay. 7. trachyspermus 4014 and the test pathogen were inoculated at opposite
sides of a PDA plate and incubated at 28°C for 7 days. The inhibition zone was measured to assess the
antagonistic effect.
6. Data Submission

GENSAS generated output files, “.gff3’, ‘interproscan’, and protein BLAST output file were processed
along with reference protein sequences of SWISS-PROT databases by the software tool ‘ANNIE’ [50] to extract
the domain and motif annotation, gene functions, and protein products. The annotation output file of Annie
program, along with ‘.gff3’ and genome assembly fasta file was processed by the GAG [51] tool to generate the
table format (.tbl) file that fed to program table2asn [52] program along with genome assembly file to generate
the NCBI genome database submission format ‘.asn’ The whole genome sequence of 7. trachyspermus 4014 has
been submitted to the NCBI genome database wunder accession number JACGXQO010000001-
JACGXQ010000015; Mitochondrial genome: CM035349. The raw sequencing reads are available in the NCBI
Sequence Read Archive (SRA) under accession number SRR25836654.

RESULTS
Quality Analysis of Nanopore Reads

The Quality of a total of 706979 reads were assessed by the FastQC tool. The reads were of length in the
range of 7- 48161 bps and composed of 46% GC content. The quality score per sequence read is low in the range
of 5-22 (average = 14) for the sequences with length <28000bp. The read sequences of length >28000 are found
to be of good quality.
Raw read correction, trimming, and genome assembly

The reads were corrected 5 rounds and trimmed by the Canu v2.0 assembler [25]. The final round of
read correction was operated with the parameter as minimum reads length 1000bp, kmer: 16 mers, and the rest
of the other parameters as default. The total 462154 reads (1993769355 bases) with 56.96 times coverage of the
genome size 35 MB (approximate), consists of 427318 reads with overlap and 34836 reads without overlap. The
read correction step was followed by the trimming step with the parameters as, fraction error of 0.12, deletion of
trimmed reads <1000 bps, and overlap region length is kept default. The result was 166383 trimmed reads and
44103 reads without any change. A total of 251668 reads of poor quality were deleted in the previous read
correction step and 210486 reads (1373146570 bases) with 38.55 times coverage were further processed for de
novo genome assembly by Canu v2.0 assembler. The unitigging was done with 22 mers parameter and keeping
other parameters as default. The final consensus assembly obtained consists of 15 scaffolds of total length,
32096759 bp including one repeat region of length 10842 bp indicating that 8 chromosomes are carved out from
15 scaffolds. A total of 20677 sequences remained unassembled. The assembled genome attributes are presented
in Table 1.

Table 1 Assembly Matrix of Talaromyces trachyspemus 4014 Genome

Talaromyces trachyspermus
Property strain 4014

Number of scaffolds 15
Total size of scaffolds 32096759

Total scaffold length as a percentage of assumed
genome size (35 mb) 91.71%
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useful amount of scaffold sequences (>=25K nt) 32038095
Longest scaffold 10530633
Shortest scaffold 9286
Number of scaffolds > 1K nt 15
Number of scaffolds > 10K nt 14
Number of scaffolds > 100K nt 9
Number of scaffolds > 1M nt 8
Number of scaffolds > 10M nt 1
N50 3814881
L50 3
NG50 3814881
LG50 3
A% 26.55
C% 23.49
G% 23.50
T% 26.46
N% 0

Genome Completeness

The completeness of genome assembly was evaluated by BUSCO v5 software [30, 53]. The BUSCO v5
analysis for queried 758 core genes against the nuclear genome assembly, it is observed that 576 (75.99%) are
complete genes, 96 are (12.7%) partial genes and 86 (11.35%) genes are missing. 0.87% of genes have more
than 1 copy of orthologs. The completeness analysis by CEGMA based on 248 core genes detected the presence
of 228 (91.94%) complete, 15 (6.04%) partial genes, and 5 (2.02%) missing genes. The number of ortholog
copies is detected for 8.77% of genes.

Genomic attributes

A total of 13 contigs are rich in 45.47% GC content, but two contigs, contig7 JACGXQ010000006) and
contigl5 (JACGXQ0100000015) are composed of low GC content, 37.2%, and 19.9%, respectively. Contig-6
(JACGXQO010000005) was predicted to be a Mitochondrial genome composed of 25.3% GC content and a
circular nature.

Genome Annotation

The nuclear genome scaffolds were annotated by the ‘Genome Sequence Annotation Server® (GenSAS)
(Humann et al. 2019) online annotation pipeline in a stepwise manner. The gene prediction programs selected
are Augustus v4.1.1 [33], GeneMarkES v4.48 [34], and GlimmerM v2.5.1 [35]. The consensus of predicted
genes was carried out by an Evidence Modeler and gene refinement by the PASA tool. The assembly genomics
features of T. Trachyspermus 4014 are shown in Table 2. The pineline predicted a total of 11291 genes in 14
scaffolds and no gene was predicted in scaffold-13. The largest scaffold-15 (10.53 mb) contains 3781 (36.60%)
genes, and the medium-size scaffolds (1, 2, 8, and 14) of size in the range 3.00 mb to 4.36 mb contain genes
1010 to 1536. The smaller scaffolds (3, 4, 11, and 12) of size ranging from 0.81 mb to 2.4 mb, contain the genes
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from 287 to 849. The smallest scaffolds (6, 7, 9, 10, and 13) of size 9.2 kb to 18.44 kb contain the genes < 4 in

199  numbers. BUSCOVS software predicted the 88.69% completeness (75.99% complete and 12.7% partial) of the
200 genome therefore the total gene content of 7. trachyspermus genome may be estimated to be around 11800 -
201 12000 genes.
202 A single copy of 18S rRNA and 28S rRNA is predicted in the scaffold-2 and 12 copies of 5S rRNA are
203 predicted in the scaffolds, 3, 4, 8, 11, 12, 14, and 15. A total of 97 tRNA was predicted in the scaffolds, 2, 3, 4,
204 8,11, 12, 14, and 15. The maximum number of tRNAs i.e. 28 are predicted in scaffold, 15.
205 Table 2 Talaromyces trachyspermus 4014 Genome Assembly Features (GenBank Assemlby:
206 GCA_020137715.1, Assembly name: BUMICRO_TalaroTrachy_1.1)
Accession Gene | rR | tR | GC | AT G
Contig ID number Length | freq |NA[NA| % | % |A% | C% | % | T%
Nuclear DNA
47 26 23 26
JACGXQO01000 | 37439 2 3| 52. 3] 23. .6 2
Contig-2-tig10 0001.1 02 1309 2 2 7 63 9 73 4 4
47 23 26
JACGXQO01000 | 30618 1 0 |[52. | 26 |23. 4 4
Contig-3-tigl5 0002.1 00 1090 2 1 6 94 S 57 9 3
47 26 23 26
JACGXQO01000 | 13283 S| 52. 3 23. 7 1
Contig-4-tig52 0003.1 32 486 1 6 6 44 4 82 3 1
46 26 23 26
JACGXQO01000 | 81333 9 |53. 7 23. 3 2
Contig-5-tig54 0004.1 9 287 1 1 6 04 5 57 9 9
37 18 35
JACGXQO01000 d 162, | 27 | 18. 3 .0
Contig-7-tig308 0006.1 18443 2 0 0 7 83 .8 83 4 3
45 25 23 29
JACGXQ01000 9 |54 0 | 22. 4 .0
Contig-8-tig309 0007.1 10842 2 0 0 3 07 6 51 3 1
46 26 23 26
JACGXQO01000 | 38148 1 4 | 53. 9 | 23. 3 .6
Contig-9-tig310 0008.1 81 1330 2 1 3 57 3 12 0 4
45 28 23 26
Contig-11- JACGXQO01000 7 | 54 0 | 22. 5 2
tig20989 0009.1 15091 4 0 0 4 26 3 16 8 3
47 27 23 25
Contig-12- JACGXQO01000 2 |52 0 | 23. 4 .6
tig20990 0010.1 9286 4 0 0 6 74 8 78 9 5
46 26 23 | 26
Contig-13- JACGXQO01000 | 24743 S |53, 6 | 23. 3 7
tig20991 0011.1 72 849 2 6 9 41 7 28 2 4
Contig-14- JACGXQO01000 | 18372 610 1 2 |46 |53. |26 |23 |23 |26




tig20992 0012.1 94 3 68 i 06 2 9
2 5 6 4
19 43 37
Contig-15- JACGXQ01000 .8 | 80. .0 | 10. 9. .0
tig20993 0013.1 10875 1 0 0 7 13 4 31 56 9
47 26 23 | 26
JACGXQO01000 | 43690 1 1 |52 4 ] 23. .5 4
Contig-1-tig8 0014.1 05 1536 0 0 7 83 1 60 7 2
47 26 23 | 26
Contig-10- JACGXQO01000 | 10530 2 2 ] 52. 4 ] 23. .6 3
tig20988 0015.1 633 3781 2 8 4 76 0 62 2 6
1129 9
Total 1 (13 7
Mitochondrial
DNA
25 14 | 38
4 3 |74 36 | 10. 4 A
Contig-6-tig72 CM035349.1 38945 2 0 8 1 69 .6 89 1 0
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Repeat Regions

Assembly sequence contigs were scanned for interspersed repeats and low complexity regions by the
tools, RepeatMasker v4.1.1 [31] and de novo repeat masker, RepeatModeler v2.0.1. [32]. Total interspersed
repeat regions of length 1754808 bp ( 5.48 %) were predicted in 14 scaffolds (Table 3). Different types of
repeats predicted in the genomic scaffold are, (i) Retroelements (4.16%) comprised of LINEs (0.83%) and LTR
elements (3.33%) and (ii) DNA transposons (0.74%), Tcl-IS630-Pogo (0.60%) and unclassified type (0.57%).
The retroelements such as SINEs, Penelope, LINEs types such as CRE/SLACS, L2/CR1/Rex, R1/LOA/Jockey,
R2/R4/NeSL, RTE/Bov-B, L1/CIN4, and DNA- transposons such as hobo-Activator, En-Spm, MuDR-IS905,
PiggyBac, Tourist/Harbinger, Other (Mirage, P-element, Transib) and other types such as retroviral, rolling-
circles, Small RNA, satellites regions, simple repeats, and low complexity regions were not predicted. Genome

assembly analysis can be accessed from the Zenodo database [68].

Table 3 Description of different repeat regions predicted in the Scaffolds

Repeats Type Number of copies Total length Percentage to genome
Retroelements 818 1333610 bp 4.16 %
LINEs 234 266080 bp 0.83%
LTR elements 584 1067530 bp 3.33%
Tyl/Copia 40 41933 bp 0.13%
Gypsy/DIRS1 544 1025597 bp 3.20%
DNA transposons 237 237713 bp 0.74%
Tc1-IS630-Pogo 187 198356 bp 0.62%
Unclassified 988 183485 bp 0.57%
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Total interspersed repeats 1754808 bp 5.48%

Prediction of Secondary Metabolite Synthesizing Gene Cluster

The biosynthetic gene cluster (BGC) accommodated by the Talaromcyes trachyspermus genome, were
predicted using the tool, “antibiotic and Secondary Metabolite Analysis SHell (antiSMASH 8.0) [49]. The
secondary metabolite synthesis regions are not found in 5 scaffolds as JACGXQ020000006,
JACGXQ020000007, JACGXQ020000009, JACGXQ020000010, and JACGXQ020000013. As described in
Table 4, a total of 43 BGCs were predicted in 9 scaffolds, comprised of BGC types as, PKS or PKS like, NRPS
or NRPS-like, terpene, betalactone and other (uncategorized). The BGC regions of Clavaric acid, YWAT1 and
Choline predicted with high similarity confidence, whereas the BGCs of Flavoglaucin, Metachelin (A,B,C, A-
Ce), Dimerumic acid, Solanapyrone A, Zopfiellin, Sorbicillin, HEx-tcl terpene, Phyllostictine (A and B),
Squalestatin S1, Ustethylin A. A BGC of Phomoidride was predicted with medium level similarity confidence.
Total 15 regions comprised of BGSs for polyketide, NRPS and terpene are predicted at the level of probable
product synthesised. Total 28 regions of BGCs of type polyketide, NRPS, terpene and betalactone are probable
BGCs with product synthesised is unclear. The antiSMASH analysis files are uploaded to Zenodo database [68].

Table 4 List of Secondary metabolite-producing gene cluster predicted in Genomics Scaffold of

Talaromyces trachyspermus 4014
Scaffold BGC type Regions Closest Compound from MiBIG BGC Type
no. database
1 T1PKS 31,094..93,431 | Sorbicillin/ 2'3'-dihydrosorbicillin/ PKS
2,747,614..2,814,865 | sorbicillinol/ oxosorbicillinol/
2,824,697..2,919,449 | bisvertinolone/ dihydrobisvertinolone/
3,177,620..3,326,279 | tetrahydrobisvertinolone/
bisorbicillinol/ 2'3'-dihydrosorbicillinol
1 NRPS and | 1,369,346..1,498,168 | Choline NRPS
Betalactone | 2,640,242..2,814,865
1 Terpene | 2,824,697..2,919,449 | HEx-tcl terpene Terpene
2 NRPS like 515,837..582,004 NRPS
2 NRPS, NRPS 694,189..768,585 | Phyllostictine A and B NRP + PKS
like
3 Terpene 9,9859..41,562 | Squalestatin S1 Terpene
49,622..80,491
3 T1PKS and 604,728..697,118 | Ustethylin A PKS
NRPS like 1,275,633..1,328,332
4 T1PKS and 726,841..813,339 PKS and
NRPS like NRPS
8 NRPS Like 194,426..268,549
T1PKS and 1,724,943..1,796,808 | Phyllostictine A and B NRPS +
NRPS PKS
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8 Terpene like and | 2,166,370..2,197,624 Terpene
Betalactone | 3,309,429..3,351,241
11 TIPKS 553,564..621,628 PKS
1,473,034..1,541,075
11 NRPS like 2,248,102..2,313,006 NRPS
12 T1PKS 112,527..180,837 | Zopfiellin, Phomoidride, YWA1 PKS
197,167..262,437
986,830..1,051,856
1,639,455..1,705,816
12 NRPS like 338,699..401,668 NRPS
12 Terpene like 662,118..693,198 Terpene
14 T1PKS, 1..67,578 | Flavoglaucin PKS
14 NRPS like 2,756,422..2,821,224
3,146,993..3,466,612
4,312,532..4,369,005
14 Terpene and 1,582,000..1,649,494
nitropropanoic 3,435,786..3,466,612
acid 3,570,228..3,589,282
15 NRPS 1,411,614..1,477,99 | Metachelin (A, B, C, A-CE), NRPS
3 | Dimerumic acid 11-mannoside,
Dimerumic acid
15 T1PKS 4,294,047..4,365,789 | Solanapyrone A, YWAI1 PKS
5,009,122..5,076,636
5,395,049..5,514,103
6,658,683..6,729,194
8,727,221..8,794,424
15 Terpenes and 4,961,627..4,993,998 | Clavaric acid Terpene
others 5,733,424..5,764,530
8,230,012..8,319,807
The secondary metabolite regions were not predicted in the scaffolds, JACGXQ020000006,
JACGXQ020000007, JACGXQ020000009, JACGXQ020000010, and JACGXQ020000013.
*BGC: Biosynthetic Gene Cluster, PKS= Polyketide, NRPS= Non Ribosomal Protein Synthesis

Mitochondrial Genome Assembly Features

The initial assembly of mitochondrial genomic DNA is of length 58664 bp containing duplication of
length, 19719 bp genomic region due to the circular nature of the genome. The initial assembly was analyzed
using the VISTA, PipMaker [46], and Mauve [47] for duplication of genomic regions (Fig 1a and Fig 1b). The
duplicated region was removed at overlapping regions on either end to obtain the final mitochondrial genome of
length 38945 bps that is composed of low, 25.31% GC, and high, 74.69% AT content (Table 5). The circular
map of the mitochondrial genome of 7. trachyspermus strain 4014, is drawn by the tool, Organellar Genome
DRAW (OGDRAW) [54] (Fig 2). The MT genome is comprised of protein coding genes, cox1, cox2, cox3, cob,
rrnL, rrnS, atp6, atp8, atp9, nadl, nad2, nad3, nad4, nad5, nad6, giy, lagli, rps3 and rps5 besides tRNA genes and
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TRNA genes. The mitochondrial genome annotation and analysis files may be accessed from the Zenodo
database [68].
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Fig. 1 (a) Dotplot of the preliminary mitochondrial genome assembly (58664 bps) by Pipmaker software,
showing the duplicate region indicated by the parallel lines to a diagonal line. (b) Comparison of
preliminary assembly and corrected assembly (38945 bps) by Mauve software.

Table 5 Assembly matrix of Mitochondrial Genome

Mitochondrial Genome Genomic features

Genome size 38,945

GC content (%) 25.31%

Transfer RNA content 42

Ribosomal RNA content 2 (1 mSand 1 mL)

Gene content coxl, cox2, cox3, cob,
atp6, atp8, atp9

10



264
265

266
267

268
269
270
271
272
273
274
275

nadl, nad2, nad3, nad4, nad5, nad6,
giy, lagli, rps3, rps5,

Talaromyces trachyspermus 4014
mitochondrial genome [ s o8

I
e orf285 | ImS-CGA |/ o

o | 38,945 bp : TGS [imf

oy,
-fr.
t) %}(\

[ complex | (NADH dehydrogenase)
complex Il (succinate dehydrogenase)
[ complex 1l {ubichinol eytochrome ¢ reductase)
[] complex IV (cylochrome ¢ oxidase)
O ATP synthase

[ cytochrome ¢ biogenesis

B RNA polymerase

[ ribosomal proteins (SSU)

[ ribosomal proteins (LSU)

B maturases

M other genes

[ ORFs

W transfer RNAs

M ribosomal RNAs

O origin of replication

[l polycistronic transcripts

Ointrons

Fig. 2 Presentation of Mitochondrial Circular genome with gene locations

Mitochondrial Genome Homology Search (BLASTN Analysis)

The homology sequence analysis by BLASTN [38] tool of the Mitochondrial genome of T.
trachyseprmus strain 4014 was performed against the mitochondrial genome dataset of fungi belonging to
Eurotiomycetidae (taxid: 451871) keeping expectation value as 0.01, word size as 24 in the first search and 128
in the second search, hit to 10, and other parameters as default. The mitochondrial genome of T. trachyspermus
4014 shows high similarity with T. pinophilus followed by T. marneffei and T. stipitatus. The mitochondrial
genome of T. pinophilus is smaller than T. trachyspermus as compared to T. marneffei and T. stipitatus, therefore
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276

the proportional query coverage is comparatively smaller but with higher similarity. This indicates it is closer to

277  T. pinophilus than to T. marneffei.
278
279 Table 6 Description of mitochondrial genomes of closely related Fungal species to Talaromyces
280  trachyspermus 4014
Sr. No. | Name (Accession no) Length | GC% [ tRNA rRNA
1 | Aspergillus clavatus NRRL 1 (JQ354999.1) 35056 24.96 26 2
2 | Aspergillus flavus TX-A-1-1-1 (MZ714581) 29220 26.14 26 2
3 | Aspergillus fumigatus (MW560465.1) 31751 25.38 26 2
4 | Aspergillus nidulans FGSC A4 (JQ435097.1) 33227 24.94 26 2
5 | Aspergillus oryzae ATCC:44194 (KY352472.1) 29202 26.15 26 2
6 | Aspergillus parasiticus (NC_041445.1) 29141 26.16 26 2
7 | Aspergillus terricola (NC_058594.1) 28689 26.34 26 2
Aspergillus tubingensis WU-2223L
(LC545447.1) 32393 26.45 26 2
9 | Penicillium canescens (NC_059911.1) 28301 24.84 25 2
Penicillium chrysogenum Wisconsin 54-1255
10 | (AM920464.1) 31790 24.94 25 3
Penicillium nordicum UASWS BFE487
11 | (KR952336.1) 28520 25.43 27 1
12 | Penicillium solitum 20-01 (JN696111.1) 28601 25.47 27 2
13 | Penicillium sp. ShG4C (KX931017.1) 26725 25.16 27 2
14 | Talaromyces marneffei (AY347307.1) 35438 24.63 28 2
15 | Talaromyces marneffei PM18 (KU761329.1) 35420 24.62 28 2
16 | Talaromyces marneffei PM26 (KU761332.1) 35434 24.61 28 2
17 | Talaromyces pinophilus 1-95 (CP017352.1) 31729 24.84 25 2
Talaromyces stipitatus ATCC 10500
18 | (JQ354994.1) 36351 24.92 27 2
Talaromyces trachyspermus 4014
19 | (CM035349.2) 38945 25.31 42 2
281
282
283  Phylogenetic Analysis of Mitochondrial Genome
284 The mitochondrial genomes of 18 species (Table 6) comprised of Aspergillus, Penicillium, and
285  Talaromyces species, with a similarity in the range 50% - 73% to T. trachyspermus 4014 mitochondrial genome
286 in BLASTN analysis, were selected for phylogenetic analysis. The BLASTN distance tree is calculated from the
287 pairwise sequence alignment of query and database sequences by the Fast Minimum Evolution method of the
288 FASTME tool [55] with a maximum sequence difference of 0.75. The tree clustered species in 3 clades,
289  Aspergillus with 8 species, Penicillium with 5 species, and Talaromyces with 6 species. These selected 18
290 genomes with T. trachyspermus were aligned using the ClustalW [56] program and clustered by ML method
291  with Bootstrap method 500 replicates in the MEGA v11.0.10 [57] software. The generated phylogram (Fig 3)
292 shows the clustering of 7. trachyspermus with T. pinophilus linked with the cluster of A. tubingensis and P.
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chrysogenum. This clade is separated from the species-specific clusters of the genera, Aspergillus, Penicillium,
and Talaromyces.
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Fig. 3 BLASTn generated a phylogenetic tree of selected 18 species of genus Talaromyces (Red circle),
Aspergillus (Brown triangle), and Penicillium (Green square) with 7. trachyspermus strain 4014 that has
query coverage between 50% to 75% and similarity/identity between 82% to 90% in BLASTN analysis.
(Note: 500 Bootstrap replicates for the ML method)

Phylogenetic relationship of Talaromyces trachyspermus 4014

The phylogenetic relationship was predicted for isolated 7. trachyspermus strain 4014 based on the
whole mitochondrial genome sequence and other similar (identity >80% and query coverage >40%) complete
mitochondrial genome sequences that were retrieved by BLAST homology sequence searching. The phylogeny
reconstruction based on the mitochondrial genome was calculated using MEGAG6 software by UPGMA method
and Kimura-2 parameter model. A test of phylogeny was done using the Bootstrap method with 1000 replicates.

DISCUSSION

The isolation and characterization of Talaromyces trachyspermus 4014 from the medicinal plant
Withania somnifera unveils a treasure trove of biotechnological potentials, particularly in agriculture and
environmental sustainability. This study presents a comprehensive analysis of the genomic and functional traits
of T. trachyspermus 4014, revealing its promising role as a plant growth-promoting fungus (PGPF) and a
biocontrol agent against phytopathogens.
The genome of T. trachyspermus 4014, assembled and annotated with high confidence, uncovers a multitude of
genes associated with plant growth promotion and biocontrol. The presence of genes coding for indole-3-acetic
acid (IAA) synthesis, siderophore production, and various hydrolytic enzymes underscores the multifaceted
mechanisms by which this fungus can enhance plant health. The ability to produce IAA, a key phytohormone,
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suggests that 7. trachyspermus 4014 can stimulate root development, improving nutrient uptake and plant
growth [58].

Moreover, the production of siderophores indicates that 7. trachyspermus 4014 can effectively sequester

iron from the environment, a critical factor in outcompeting pathogenic microbes in the rhizosphere [59]. The
array of hydrolytic enzymes, including protease, cellulase, chitinase, amylase, lipase, and phosphatase,
highlights the potential of 7. trachyspermus 4014 to degrade various substrates, thereby improving soil health
and fertility [60].
The antagonistic activity of 7. trachyspermus 4014 against several plant pathogenic fungi, demonstrated through
dual culture assays, further solidifies its role as a biocontrol agent. The inhibition zones observed in these assays
suggest that 7. trachyspermus 4014 produces antifungal compounds that can suppress the growth of pathogens
[61]. This finding is particularly significant in the context of sustainable agriculture, where the reliance on
chemical pesticides is being reduced in favor of biological control methods [62].

In addition to its agricultural applications, the genomic insights into 7. trachyspermus 4014 open
avenues for exploring its potential in bioremediation. The enzymes produced by this fungus could be harnessed
to degrade environmental pollutants, contributing to the restoration of contaminated ecosystems [63]. The
submission of the whole genome sequence to the NCBI genome database ensures that this valuable genetic
information is accessible for further research and biotechnological exploitation.

The isolation of 7. trachyspermus 4014 from Withania somnifera also raises intriguing questions about the
ecological interactions between endophytic fungi and their host plants. The symbiotic relationship between 7.
trachyspermus 4014 and W. somnifera may confer mutual benefits, with the plant providing a niche for the
fungus, while the fungus enhances the plant's growth and defense mechanisms [64]. This study sets the stage for
future investigations into the molecular dialogues that underpin such symbiotic associations. With limited studies
on fungal-supplementation on various plant leaves/extracts, our efforts on long-read sequencing may provide
plausible insights into understanding undetermined avenues such as horizontal gene transfer (HGT) events.
adverse effects of the hosts besides providing information on cellular machinery for biomass-degrading
enzymes. We aim to provide a pan genome-sequence basis for identifying strategies employing this fungus as a
microbial cell factory in discerning candidate secondary metabolites [65].

The mitochondrial genome-based phylogenetic analysis clustered our strain with Talaromcyes species. The
complete mitochondrial genome sequence of 7. Trachyspermus 4014 may be the input data source for the studies
related to fungal evolution [66] and species identification [67] based on the mitochondrial genome.

In conclusion, Talaromyces trachyspermus 4014 emerges as a versatile fungus with significant implications for
agriculture, environmental sustainability, and beyond. Its ability to promote plant growth, combat
phytopathogens, and potentially degrade pollutants positions it as a valuable asset in the quest for sustainable
solutions to global challenges. Further research into the molecular mechanisms driving these beneficial traits will
undoubtedly unlock new dimensions of its biotechnological potential

Genomics Data Access
The whole genome sequence data comprising 15 scaffolds are submitted to the NCBI genome assembly database

comprised of with central genomic accession number: JACGXQ010000001..JACGXQ010000004 and
JACGXQ010000006..JACGXQ010000015 (https://www.ncbi.nlm.nih.gov/nuccore/JACGXQ000000000) and
mitochondrial genome accession number: CMO035349 (JACGXQ010000005)
(https://www.ncbi.nlm.nih.gov/nuccore/CM035349). The work is registered under BioProject with ID:
PRINA650128 (https://www.ncbi.nlm.nih.gov/bioproject/650128) and fungal strain under BioSample database
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with ID: SAMNI15692527 (https://www.ncbi.nlm.nih.gov/biosample/SAMN15692527). The nanopore read
sequence data can be accessed from the Sequence Read Archive (SRA) database with the accession number
SRR25836654  (https://trace.ncbi.nlm.nih.gov/Traces/?run=SRR25836654). © The annotation summary,

annotation files in GenBank and tabular formats, protein sequence file, nucleotide sequence file, metabolic

pathway analysis files and mitochondrial genome annotation files are uploaded to Zenodo
(https://doi.org/10.5281/zenodo.18703994) [68].

CONCLUSIONS

We present the sequencing and assembly of the genome of the fungus, Talaromyces trachyspermus
which inhibits diverse environments, including soil, marine sponges, food materials, and plant parts. The species
was isolated from the leaves of the medicinal plant, Withania somnifera, and observed to exhibit plant growth-
promoting and pathogen-antagonistic properties. The mitochondrial genome showed a close relation to T.
marneffei and T. pinuphilus concerning size and gene content. While there is room for understanding HGTed
events, more uniformity in hybrid assembly could reveal genomic insights associated with habitat diversity,
plant-microbe interaction, secondary metabolites synthesis, and siderophore pathways too.
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