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OPEN: A chromosomal-level genome
patapescripTor  @assembly of Begonia fimbristipula
(Begoniaceae)

Tian-Wen Xiao(®?, Zheng-Feng Wang®%**™ & Hai-FeiYan®%3>5

Begonia fimbristipula Hance (Begoniaceae) is a valuable medicinal herb that is classified as a protected
species in Guangdong Province, China. In this study, we present a chromosome-level genome assembly
of B. fimbristipula, aiming to facilitate its conservation and utilization. The genome was assembled
using a combination of Oxford Nanopore long-read data and lllumina short-read data. The assembled
genome size of B. fimbristipula is 462.11 Mb, with a scaffold N50 of 38.22 Mb. A total of 91.96%

(424.94 Mb) of the sequences were anchored to 11 pseudochromosomes using Hi-C technology. The
genome assembly exhibits a BUSCO completeness of 90.3% and an LTR Assembly Index (LAI) of 17.73.
Genome annotation revealed 25,563 protein-coding genes and 274 tRNA genes. The high-quality
chromosome-level assembly and annotation provide valuable insights into the genomic characteristics
of B. fimbristipula, thereby offering essential resources for its conservation and economic utilization.

Background & Summary

The family Begoniaceae C. Agardh consists of two genera: Hillebrandia Oliv. and Begonia L. Hillebrandia is a

monotypic genus, while Begonia is one of the ten largest angiosperm genera, comprising over 2,000 species'.

Species within Begonia are perennial herbs widely distributed in moist tropical and subtropical regions world-
: wide, with some species extending into the warm temperate zone (e.g., B. grandis Dryand.)%. Members of this

genus display a wide range of phenotypic diversity and possess significant ornamental value, with some species

also having medicinal properties.

B. fimbristipula Hance (2n=22) is indigenous to southeastern China, specifically in Zhejiang, Jiangxi,
Hunan, Fujian, Guangdong, Guangxi, Hainan, and Hong Kong?, with a subspecies endemic to Thailand
(B. fimbristipula subsp. siamensis Phutthai & Radbouch.)*. This species typically has a solitary leaf and grows
on rock or soil slopes in forest areas (Fig. 1). It holds considerable economic significance as both a medicinal
and food source; for example, the essential oil derived from B. fimbristipula has shown inhibitory effects against

. Streptococcus iniae Pier in tilapia®. However, this species faces threats from climate change and human activities,
. particularly the local demand for its use in herbal tea. This species was designated as a protected wild species by
. the Guangdong Province, China, in 2023.

Despite the utilization of complete genomes for plant conservation over the past few decades, only four
: Begonia genomes have been published to date: B. loranthoides Hook.f., B. masoniana Irmsch. ex Ziesenh.,
. B. darthvaderiana C.W.Lin & C.I Peng and B. peltatifolia Li®. Therefore, the generation of a high-quality genome
. of B. fimbristipula is essential for promoting its conservation and utilization, as well as for elucidating species

relationships and evolutionary histories within this megadiverse genus.

In this study, we assembled and annotated the genome of B. fimbristipula using Oxford Nanopore Technology
(ONT) reads, next-generation sequencing (NGS) reads, high-throughput chromosome conformation capture
(Hi-C) reads, and RNA-seq reads. The assembled genome has a total size of 462.11 Mb and a scaffold N50 of
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Data Number of bases (Gb) | Number of reads (M) | N50length (bp) | Depth (x) | Sample
ONT 125.68 8.97 23,426 284 Leaf
NGS 143.04 953.59 150 325 Leaf
Hi-C 148.93 992.86 150 338 Leaf
RNA-seq | 34.48 229.88 150 \ Leaf
RNA-seq | 37.24 248.30 150 \ Fruit

Table 1. Summary of the sequencing data.

38.22 Mb. Annotation of repeat elements revealed that 64.63% (274.62 Mb) of the genome comprises repeat
elements, with long terminal repeats (LTRs) accounting for 53.85% (146.60 Mb). Our analyses predicted a total
of 25,563 protein-coding genes and 274 tRNAs. The high-quality genome of B. fimbristipula will advance our
understanding of the evolutionary relationships within the genus Begonia and contribute to the conservation of
this economically valuable species.

Methods

Sample collection and sequencing. Samples of B. fimbristipula were collected from Dinghu Mountain
in Zhaogqing city, Guangdong Province, China (23°10’48” N, 112°31/53” E). Tissues, including fresh and young
leaves and fruits, were immediately frozen in liquid nitrogen after collection and subsequently stored in refrig-
erator at —80°C for DNA and RNA extraction. A voucher specimen (ID: gexj230012) has been deposited in the
herbarium of the South China Botanical Garden, Chinese Academy of Sciences (IBSC).

Genomic DNA extraction and sequencing were performed according to the protocols described in our
previous study’. Specifically, total DNA was extracted using Grandomics Genomic DNA Kit (GrandOmics
Biosciences, Wuhan, China). DNA degradation was assessed via a 0.75% gel electrophoresis experiment, while
DNA purity and concentration were evaluated using a NanoDrop One UV-Vis spectrophotometer and a Qubit
3.0 fluorometer (Thermo Fisher Scientific, Waltham, MA, USA), respectively. For NGS sequencing, a short-read
library (2 x 150bp) with an insert size of 200-300 bp was prepared using the TruSeq Nano DNA HT Sample
Preparation Kit, and sequencing was conducted on the Illumina HiSeq X Ten platform (Illumina, San Diego,
CA, USA), generating 143.04 Gb (~325x) of raw data (Table 1).
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Fig. 2 Genome survey of Begonia fimbristipula based on 21-mer analysis.

For ONT long-read sequencing, the Nanopore library was prepared with the LSK109 Ligation Sequencing
Kit, following the manufacturer’s instructions, and sequenced with a Nanopore PromethION sequencer (Oxford
Nanopore Technologies, Oxford, UK). This process yielded approximately 125.68 Gb (~284x) of ONT data with
a mean read length of 14.84kb and a read N50 length of 23.43kb (Table 1). For Hi-C sequencing, the library was
constructed from cross-linked DNA after digestion, biotinylation, ligation, enrichment, shearing, blunt-end repair,
and additional steps. Sequencing of the final Hi-C library with pair-end read lengths of 150 bp was conducted on
the Illumina HiSeq X Ten platform, which produced a total of 148.93 Gb (~338x ) of Hi-C data (Table 1). For tran-
scriptome sequencing, a pair-end RNA library (2 x 150bp) was prepared according to the TruSeq RNA Library
Preparation Kit instructions and sequenced on the Illumina HiSeq X Ten platform, yielding 34.48 Gb and 37.24 Gb
of RNA-seq data for the leaf and fruit samples, respectively (Table 1). All sequencing was conducted at GrandOmics
Co., Ltd (Wuhan, China).

Adapters in ONT data were trimmed using Porechop v0.2.4%. For NGS, Hi-C, and RNA-seq data, adapters
and low-quality reads were removed using fastp v0.23.3°.

Genome size estimation. The k-mer frequency distribution was calculated using Jellyfish v2.3.0 (-m 21)'°
with the NGS data. The resulting file was then utilized to predict the genome features using GenomeScope v1.0"!
with k-mer and read length set at 21 and 150, respectively. Based on this analysis, the genome of B. fimbristipula
was estimated to be 439.94 Mb, with a heterozygosity rate of 1.45% (Fig. 2).

Chromosome-level genome assembly. The genome was assembled using NextDenovo v2.5.12, which has
been shown to outperform other assemblers when applied to high repetitive and heterozygous genomes with ONT
data®. The assembled haploid draft genome was 756.92 Mb, consisting of 980 contigs with a contig N50 length of
6.02Mb. ONT reads were subsequently aligned to the draft genome using minimap?2 v2.24-r1122'. The aligned bam
file was processed with Purge Haplotigs v1.1.2 (-1 10 -m 110 -h 300)'® to remove haplotypic duplications. After purging,
197 contigs were retained, totaling 460.91 Mb. The purged genome assembly was polished for two rounds with Racon
v1.5.0' using ONT data, followed by two rounds of polishing with Polypolish v0.5.0'” using NGS data. Hi-C reads were
used to scaffold the polished genome assembly with Juicer v1.6'® and 3d-dna v180922' (using the ‘-r 0’ option), with
manual adjustments made in Juicebox v1.11.08%. Gaps in the genome assembly were processed using TGS-GapCloser
v1.1.1%! with ONT long reads. Initially, 63 gaps were present; after gap-filling, only three remained on chromosomes 6,
7,and 8. The gap-filled genome was further polished in two additional rounds with Racon and Polypolish, as previously
described.

The final genome assembly was 462.11 Mb in length, consisting of 67 scaffolds with a scaffold N50 length
of 38.22 Mb. A total of 91.96% (424.94 Mb) of the sequences were anchored to 11 pseudochromosomes. The
lengths of individual chromosomes ranged from 23.65Mb (chr3) to 74.55 Mb (chr8) (Fig. 3a). The circular
plot of chromosomes and Hi-C interaction heatmap were visualized by circos v0.69-9** and HiCExplorer v3%,
respectively. Tandem repeats were identified using Tandem Repeats Finder v4.09%* in quarTeT v1.2.2%. The
counts of tandem repeats varied from 11,339 on chr1 to 74,946 on chr8. GC content of the genome was calcu-
lated using bedtools v2.30.0%, revealing that individual chromosomes had GC contents ranging from 37.39%
(chr7) to 38.63% (chr3), with an overall mean of 38.00%.
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Fig. 3 Chromosome features of Begonia fimbristipula. (a) The tracks from outer to inner (I-VII) represent
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the chromosome, tandem repeat density, Gypsy density, Copia density, GC content, gene density, and

sequence synteny within the genome, respectively (window size = 700kb). (b) Hi-C interaction heatmap

(bin size = 10kb).

Class Count Masked (bp) | Masked (%)
LTR/Copia 84,247 91,350,832 21.50%
LTR/Gypsy 131,804 120,797,773 28.43%
LTR/unknown 33,400 16,668,911 3.92%
TIR/CACTA 9,209 2,965,375 0.70%
TIR/Mutator 39,646 13,302,388 3.13%
TIR/PIF_Harbinger 2,509 964,129 0.23%
TIR/Tc1_Mariner 2,398 606,144 0.14%
TIR/hAT 18,297 8,782,369 2.07%
non-LTR/LINE_element 173 61,602 0.01%
non-LTR/unknown 155 30,088 0.01%
non-TIR/helitron 14,055 5,505,831 1.30%
repeat_region 62,492 13,585,381 3.20%
Total 398,385 274,620,823 64.63%

Table 2. Summary of repeat classes identified by EDTA.

Repeat and gene annotation. The Extensive de novo TE Annotator (EDTA) v2.1.0”” was employed to
identify transposable elements. A total of 398,385 repetitive sequences were identified, representing 64.63%
(274.62 MDb) of the genome (Table 2). Among these repeats, LTRs were the most prevalent, constituting 53.85%
(146.60 Mb) of the genome (Table 2). Gypsy elements (28.43%) were the predominant LTRs, followed by Copia
elements (21.50%). The total lengths of terminal inverted repeats (TIRs) and non-LTR elements were 5.32 Mb and
1.87 Mb, respectively. These elements accounted for 6.27% and 1.32% of the genome (Table 2).

The transposable element (TE) library generated by EDTA served as input for RepeatMasker v4.1.2%8 to
produce a soft-masked genome. Gene prediction and functional annotation for the soft-masked genome
were performed using de novo, homology protein-based, and transcriptome-based methods via the funan-
notate pipeline v1.8.15%°. RNA-seq data were utilized to train the gene prediction models with the ‘funan-
notate train’ function. Subsequently, Augustus v3.5.0%°, GeneMark-ET v4.72°!, GlimmerHMM v3.0.13?,
and SNAP v2013-02-16 were employed for protein-coding gene prediction via the ‘funannotate predict’
function. At this stage, the protein-coding sequences of B. loranthoides®*, B. masoniana®, B. darthvaderiana®,
and B. peltatifolia®” were obtained from China National GeneBank DataBase as protein evidence. tRNAs
were annotated using tRNAscan-SE v2.0.11%%. Subsequently, the gene model predictions were refined and
untranslated regions (UTRs) were incorporated using the ‘funannotate update’ feature. For functional anno-
tation, the predicted genes were queried against public databases, including pfam v32.0, gene2product v1.45,
interpro v76.0, dbCAN v8.0, busco_outgroups v1.0, merops v12.0, mibig v1.4, go v2023-05-10, repeats v1.0,
unipot v2023_02, and eggNOG v5.0, using the InterProScan v5.62-94.0%° and EggNOG-mapper v2.1.11%
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pipelines. The functional annotations were further processed using the ‘funannotate annotate’ feature.
In total, 25,563 genes encoding 27,671 proteins were predicted, with an average gene length of 3,281 bp.
Furthermore, 274 tRNAs were annotated. Among the protein-coding genes, 24,871 (97.29%) were function-
ally annotated by the eggNOG database, while 22,443 (87.79%) of the genes were identified by InterProScan
database. Synteny blocks were identified using jcvi v1.3.8%!.

Data Records

The raw data, including ONT long reads, Illumina short reads, Hi-C reads, and RNA short reads, have been
deposited in the Genome Sequence Archive in the National Genomics Data Center (NGDC), China National
Center for Bioinformation (CNCB) with the accession number of CRA019543 under BioProject PRJCA031018*.
The final genome assembly, annotation, and protein-coding sequences are accessible via Figshare®’. Genome
assembly has been submitted to the National Center for Biotechnology Information (NCBI) with the accession
number of JBIQHB000000000 under BioProject PRINA117389744.

Technical Validation

The completeness of the genome assembly was evaluated using the Benchmarking Universal Single-Copy
Orthologs (BUSCO) v5.3.2*° with the embryophyta_odb10.2020-09-10 database. Of the core 1,614 con-
served plant genes evaluated, the complete BUSCOs for B. fimbristipula were 90.3%, with 87.0% complete and
single-copy BUSCOs, 3.3% complete and duplicated BUSCOs, 1.2% fragmented BUSCOs, and 8.5% missing
BUSCOs. Additionally, the genome quality was also evaluated by calculating the LTR assembly index (LAI)
using the LAI program*, yielding a LAI value of 17.73. The base accuracy was assessed by Merqury v1.34
based on the NGS data, which demonstrated a k-mer-based QV of 24.61 and k-mer completeness of 61.41%.
The Hi-C heatmap revealed that the 11 pseudochromosomes of B. fimbristipula exhibited strong interac-
tive signals along the diagonals (Fig. 3b). ONT reads and RNA-seq reads were aligned to the final genome
assembly using minimap2 v2.24-r1122' and and HISAT2, respectively. The mapping rate of ONT and
RNA-seq reads were 89.30% and 87.16%, which were calculated using the ‘stats’ function in bamtools v2.5.1%.
Moreover, the BUSCO completeness for genome annotation was assessed with BUSCO v5.3.2, yielding a value
of 84.6%. Overall, these metrics indicate that the genome assembly of B. fimbristipula is of high quality and
well-annotated.

Code availability

All software and pipelines utilized in this study were performed following the guidelines of the published
tools. The parameters and version numbers of software and databases are detailed in the Methods section.
Any elements not specified in the Methods were executed using default parameters. No custom scripts were
employed.
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