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Nothapodytes nimmoniana is a plant species belonging to the genus Nothapodytes in the family
Icacinaceae. This species holds significant medicinal value due to its camptothecin content. In this
study, we present the first chromosome-level genome assembly of N. nimmoniana constructed
using NGS, Hi-C, and HiFi sequencing technologies. The assembled genome spans 3.53Gb across
14 chromosomes, with an N50 length of 248.74 Mb. Genome annotation revealed that repetitive
sequences constitute 80.82% of the genome size, and 83,269 protein-coding genes were predicted.
Additionally, 4,360,538 bp of non-coding RNA were annotated. This genomic resource provides a
. foundation for further investigation into camptothecin biosynthesis pathways and plant phylogeny in
N. nimmoniana.

: Backgrounds & Summary
. Nothapodytes nimmoniana is a perennial evergreen tree belonging to the genus Nothapodytes in the family
. Icacinaceae. This species is primarily distributed across India, Sri Lanka, Myanmar, Thailand, and Taiwan'2. N.
nimmoniana holds significant medicinal value due to its high content of camptothecin and its derivatives, which
© are potent anticancer compounds®°. Camptothecin, a cytotoxic quinoline alkaloid, functions by inhibiting DNA
. topoisomerase and demonstrates substantial antitumour activity against various cancer types®-'°. Consequently,
. N. nimmoniana serves as a valuable source for the extraction of camptothecin and its derivative compounds,
. underscoring its importance in the development and utilization of plant-based medicinal resources*!'2.

The absence of comprehensive genomic data for N. nimmoniana has hindered a thorough understanding of
its genetic makeup and evolutionary relationships. This study, therefore, aims to construct a chromosome-level
diploid whole genome sequence of N. nimmoniana. The primary objectives are to conduct an in-depth analysis
of the biosynthetic pathways of significant medicinal alkaloids, such as camptothecin, and to elucidate other

. regulatory mechanisms. This genomic information is anticipated to expedite the development of novel campto-

: thecin derivatives, potentially expanding the options for cancer treatment. Additionally, the genome sequence

. will contribute to clarifying the phylogenetic position of N. nimmoniana within the plant kingdom and enhance
our comprehension of the evolutionary history of the genus Nothapodytes.

Methods
. Plant materials and genome sequencing. To investigate the genome of N. nimmoniana, fresh young
. leaves, stems, and roots were collected from a single plant at the Xishuangbanna Tropical Botanical Garden,
© Chinese Academy of Sciences (101°15'3"E, 21°55'41”N). High-quality DNA was extracted from the leaves using
. amodified cetyl trimethylammonium bromide (CTAB) method"’, purified, and used to construct a DNA library.
. Pair-end sequencing was then performed on the DNBSEQ-T?7 platform. A total of 168.73 Gb (48x depth) of raw
sequencing data was obtained, with a Q30 value exceeding 95% (Table 1). Additionally, RNA was extracted from
. various tissues of N. nimmoniana using The E.Z.N.A.® HP Plant RNA Kit, and mRNA was enriched through
. PolyA screening. Following fragmentation and length screening, the mRNA was reverse-transcribed to obtain
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Sequence Platform Total reads | Total bases GC content (%) Q20 (%) | Q30 (%) Sequence depth ()
DNA reads | DNBSEQ-T7 | 562437332 168731199600 33.98 99.12 96.44 48.00
RNA reads | DNBSEQ-T7 | 402011176 120603352800 | 43.43 97.49 93.01 34.00
Hi-Creads | DNBSEQ-T7 | 1313976022 | 394192806600 35.40 99.51 97.32 112.00
Table 1. Characteristics of NGS data for genome assembly.
Sequence Platform Total reads Total bases Sequence depth () N50 (bp) N90 (bp)
HiFi reads PacBio Revio 9777149 206266430391 58.00 21952 15058

Table 2. Characteristics of HiFi data for genome assembly.
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Fig. 1 K-mer distribution (K=21) of N. nimmoniana genome using GenomeScope 2.

cDNA. These quality-controlled cDNA libraries were also subjected to pair-end sequencing on the DNBSEQ-T7
platform, yielding 120.60 Gb (34x depth) of raw sequencing data (Table 1).

To facilitate genome assembly and chromosome mounting, we conducted Hi-C library construction and
sequencing. The process involved cross-linking and fixing the chromatin using formaldehyde, followed by treat-
ment with DpnlI. Subsequently, biotin labelling and end repair were performed on the enzyme section, and the
DNA library was purified and constructed. Pair-end sequencing on the DNBSEQ-T7 platform yielded 394.19 Gb
(112x depth) of raw sequencing data, with a Q30 of 97.32% (Table 1), indicating high sequencing quality suitable
for subsequent data analysis. Additionally, we constructed a HiFi library and performed long-read sequencing
using Circular Consensus Sequencing (CCS) mode on the PacBio Revio platform, obtaining a total of 206.27 Gb
of raw sequencing data (Table 2).

Estimate of genome size. Initially, fastp v0.23.2!* (-n 0 -1 140) was employed to screen and filter
low-quality fragments from NGS raw reads, yielding 157.62 Gb of NGS clean reads. Subsequently, Jellyfish’s count
and histogram'® sub-commands were utilized to count the NGS clean reads with 21-kmer frequency distribution,
and model fitting was performed using Genomescope v2.029'° to predict the genome size, heterozygosity, and
genome percentage. The genome size of N. nimmoniana was estimated at 3.51 Gb, with a heterozygosity of 1.04%
and a repetitive sequence percentage of 66.1% (Fig. 1).

Genome de novo assembly.  The genome assembly of N. nimmoniana was performed by integrating NGS,
Hi-C, and HiFi data. Initially, fastp v0.23.2'* (-n 0 -1 140) was utilized to screen and filter low-quality fragments
from Hi-C raw reads, producing Hi-C clean reads. Subsequently, a preliminary genome assembly was conducted
using hifiasm v0.19.8-r603'7-" in conjunction with HiFi reads. This process yielded a draft genome of 3.75 Gb,
comprising 618 contigs with an N50 of 231.94 Mb (Table 3). Further chromosome anchoring was executed using
HiC-Pro v3.1.0%, while 3D-DNA? and Juicebox** were employed to cluster, order, and orient contigs, resulting in
a scaffold-level genome of N. nimmoniana. The final genome size was 3.53 Gb, consisting of 14 chromosomes with
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Features Statistics
Sequenced genome size (Gb) 3.75
Number of contigs 618

Contig N50 (bp) 231938903
Contig N90 (bp) 104429113
Max contig size (bp) 372361515

Table 3. Characteristics of the N. nimmoniana genome at contig level.

Features Statistics
Number of Chromosomes 14

Scaffold N50 (bp) 248744538
Scaffold N90 (bp) 210258015
GC content (%) 32.28

Max scoffold size (bp) 372361515
Total Size (Gb) 3.53

Table 4. Characteristics of the N. nimmoniana genome at scaffold level.
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Fig. 2 Circos plot illustrating the distribution of genomic elements in N. nimmoniana. The statistics are
calculated for every 1700 kb window across the genome sequence. The tracks depict: (A) chromosome lengths,
(B) gene distribution across chromosomes, (C) transposable element distribution across chromosomes, (D)
Copia element distribution across chromosomes, (E) Gypsy element distribution across chromosomes, (F) GC
content of chromosomes, and (G) collinearity blocks between chromosomes.
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Fig. 3 Heatmap of genome-wide Hi-C data of N. nimmoniana chromosomes.

an N50 length of 248.74 Mb (Table 4). TBtools* was used to generate Circos plots (Fig. 2), while hicexplorer**-?’
was employed to create whole genome Hi-C data heatmaps (Fig. 3).

Repetitive elements identification. Following genome acquisition, we employed Extensive de-novo TE
Annotator (EDTA) v2.1.2%8 to identify and annotate TEs, complemented by TEsorter v1.4.6*° and DeepTE* for
detailed classification. Subsequently, EDTA was utilized to quantify the repetitive sequences. The analysis revealed
2,852,972,798 bp of repetitive sequences, constituting 80.82% of the entire genome. The TEs were categorized into
five groups: LTR, tandem inverted repeats (TIR), non-LTR, non-TIR, and others. The LTRs were further subdi-
vided into Copia and Gypsy, representing 17.58% and 35.16% of the genome size, respectively (Table 5 and Fig. 2).

Protein-coding genes prediction. Following the annotation of repetitive sequences, we utilized
RepeatMasker v4.1.2-p1°' to mask these sequences in the genome. The resulting masked genome served as input
for identifying protein-coding genes through three methodologies: homologous protein prediction, transcrip-
tome prediction, and de novo prediction. The OrthoDB v10°? database constituted the homologous protein
library. Initially, RNA-seq clean reads from N. nimmonian leaves, stems, and roots were aligned to the genome
using HISAT2 v2.2.1* to generate bam files. Subsequently, AUGUSTUS v3.4.0*, integrated with GeneMark-ES
Suite version 4.69_lic*, was employed via BRAKER2* to perform homologous protein and transcriptome pre-
diction for model training. The results were then integrated using TSEBRA v1.0.3%. Finally, MAKER v3.01.04
and GenomeTools* were used to correct and format the annotation files, yielding the protein-coding gene anno-
tation files for the N. nimmonian genome. The analysis revealed 83,269 predicted protein-coding genes in the N.
nimmonian genome, with gene lengths ranging from 156 to 48,075 bp (Fig. 2).

Genes function and non-coding RNA annotation. The predicted genes underwent functional anno-
tation through homology searches of public databases, including COG*’, KOG, GO*', KEGG*, Swissprot*’, NR,
and Pfam*, utilizing BLASTP* (e-value = le-10). In total, 80.23% of the genes received functional annotations.
The annotation rates for genes in the COG*, KOG, GO*!, KEGG*?, Swissprot*’, NR, and Pfam** databases
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Type Count | Masked (bp) Masked (%)
Copia 821701 | 620509802 17.58
LTR Gypsy 1638016 | 1241097411 35.16
unknown 957197 | 471002927 13.34
CACTA 219688 | 100924982 2.86
Mutator 371628 174122511 4.93
TIR PIF_Harbinger 140502 | 48351089 1.37
Tcl_Mariner 120424 | 24924254 0.71
hAT 162137 | 44270124 1.25
DIRS_YR 214 53428 0.00
L1_LINE 8517 1579604 0.04
non-LTR LINE_element 53862 32651362 0.92
Penelope 3836 980145 0.03
tRNA_SINE 3085 417761 0.01
unknown 38458 17825848 0.50
non-TIR | helitron 101608 | 35042147 0.99
DNA_transposon | 151100 | 26920622 0.76
others low_complexity 150 423140 0.01
repeat_region 57649 11645304 0.33
retrotransposon 1363 230337 0.01
Total 4851135 | 2852972798 80.82

Table 5. Summary of transposable elements in N. nimmonian genome.

Database Anno_num Ratio (%)
COG 49122 58.99
KOG 23809 28.59
GO 26508 31.83
KEGG 14914 17.91
Swissprot 41268 49.56
NR 56003 67.26
Pfam 66806 80.23
Total_annotated 66806 80.23

Table 6. Statistical analysis of the functional gene annotations of the N. nimmonian genome.

Type Counts Masked (bp)
miRNA 276 36332

tRNA 738 53955
snoRNA 30982 3265367
rRNA 4647 956943
orthers 363 47941

Total 37006 4360538

Table 7. Classification of non-coding RNA in the N. nimmonian genome.

were 58.99%, 28.59%, 31.83%, 17.91%, 49.56%, 67.26%, and 80.23%, respectively (Table 6). Additionally,
Cmscan*® was employed to annotate non-coding RNAs in the N. nimmonian genome against the Rfam*” data-
base. This process identified 37,006 non-coding RNAs (4,360,538 bp), comprising 276 miRNAs (36,332 bp), 738
tRNAs (53,955 bp), 30,982 snoRNAs (3,265,367 bp), 4,647 rRNAs (956,943 bp), and 363 other types of RNAs
(47,941 bp) (Table 7).

Data Records

The raw sequencing data are publicly available in the Genome Sequence Archive (GSA) in National Genomics
Data Center (https://ngdc.cncb.ac.cn/gsa)*®* under the number CRA020913%. The genome assembly sequences
and annotation files have been deposited in Figshare®! and NCBI GenBank database®.

SCIENTIFIC DATA|

(2025) 12:1158 | https://doi.org/10.1038/s41597-025-05484-w 5


https://doi.org/10.1038/s41597-025-05484-w
https://ngdc.cncb.ac.cn/gsa

www.nature.com/scientificdata/

BUSCO %

Genome Complete Buscos 98.9

Complete and aingle-copy Buscos (S) 81.8

Complete and duplicated Buscos (D) 17.1
Fragemented Buscos (F) 0.4
Missing Buscos (M) 0.7

Table 8. Statistics for genome assessment using BUSCO.

Technical Validation

Furthermore, we used Benchmarking Universal Single-Copy Orthologs (BUSCO, v5.4.3)>*>* with the embryo-
phyta 0db10 dataset to assess the quality of genome assembly. The dataset includes 1614 conserved single-copy
genes analyzed under default parameters. The analysis revealed that 98.9% of these benchmark genes were fully
represented, with 81.8% identified as intact single copies and only 0.7% absent (Table 8). Collectively, these
BUSCO metrics demonstrate the high-quality assembly of the N. nimmoniana genome, reflecting robust cover-
age of conserved eukaryotic gene content.

Code availability
No specific code was developed in this work.
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