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OPEN: Chromosome-level genome
patapescripTor  @assembly of the endangered tree
species Ormosia henryi Prain

. Chengchuan Zhou®?, Qiang Wen?, Dan Zeng?, Changqing Guo?, Zhiwen Guo?, Liting Liu*™ &
: Tianlin Ouyang?®

Ormosia henryi Prain, belonging to the Fabaceae family, is an endangered tree species with great
economic, ornamental, and medicinal potential. The lack of genetic information and high-quality
genome assembly hinders in-depth research on this species as well as its conservation and further
utilization. Here, we assembled a chromosome-level genome of O. henryi using Pac-Bio HiFi, Hi-C and
short read sequencing. The assembled genome size is approximately 2.69 Gb, with a scaffold N50 of
354.08 Mb and a complete BUSCO score of 98.20%. About 99.97% of the assembled sequences could
be anchored to eight pseudo-chromosomes, and 69.09% of the assembled genome were repetitive
sequences. In total, we predicted 42,260 protein-coding genes, 88.42% of which could be functionally

: annotated. This genome assembly provides a valuable resource for various applications, including

. future conservation and utilization, evolutionary studies, and elucidation of pathways involved in key

. biological traits of O. henryi.

Background & Summary
. The genus Ormosia (Fabaceae, Papilionoideae) comprises about 130 tree species and exhibits a disjunct distri-
: bution between the New World- and the Asian and northeastern Australian tropics and subtropics!=. Ormosia
species are usually characterized by extremely hard and brightly coloured seeds, which are thought to mimic the
fleshy nutritious seeds of other species, thereby deceiving birds and other dispersers to ingest them*°. The seeds
. of Ormosia species, often used as beads for jewellery, inspired the genus name Ormosia, which is derived from
. the Greek word hormos, meaning necklace®. In addition, many Ormosia species are excellent timber trees, and
some species are used as medicinal plants with high economic value’.
: Ormosia henryi Prain is an evergreen broad-leaved tree species that grows mainly in southern China. The
. wood of O. henryi is hard, durable and beautifully grained, and has been used for centuries to make high quality
furniture and handicrafts'. O. henryi also makes an excellent ornamental plant. In addition, the roots, branches
and leaves of O. henryi have been used as Chinese folk medicine. It is believed that O. henryi can stimulate blood
circulation and relieve blood stasis''. In southern provinces of China such as Jiangxi and Hunan, local people use
. O. henryi for the treatment of injuries from falling and rheumatic arthritis. Recently, O. henryi has been found
© to be rich in isoflavonoids with significant antidepressant effects'®!*. However, due to over-exploitation, habitat
destruction and difficulties in natural generation, natural populations of O. henryi have declined dramatically'.
Field investigation found that the extant natural populations of O. henryi are usually very small, with only a few
adult individuals. Therefore, O. henryi has been listed as a second-class National Key Protected Wild Plant in
China and was evaluated as Vulnerable (VU) by International Union for Conservation of Nature (IUCN).
Despite its economic and ecological importance, relatively little is known about the genetics and genomics
of O. henryi. A few genes and the chloroplast genome of O. henryi have been sequenced to infer the phylogeny
. of Ormosia®'>. A recent study based on metabolome and transcriptome has revealed the accumulation of isofla-
* vonoids in five different organs of O. henryi, as well as identifying the potential transcriptional regulators'!. This
. study also provides a basis for the genome annotation of O. henryi. Our preliminary investigation of the genetic
structure of ten O. henryi populations in southern China based on genotyping by sequencing (GBS) method
indicates that the endangered status of O. henryi has been underestimated and that immediate conservation
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Statistical feature Corresponding value
Assembled genome size (bp) 2,691,380,774
Number of contigs 150

Number of scaffolds 19

Contig N50 (bp) 37,594,281
Scaffold N50 (bp) 354,082,533
Number of chromosomes 8

glerr(l;r)rr:‘i)i ;E?;e?t)c;)s anchored to 2.690,505,642
Anchoring rate 99.97%

GC content 35.68%
BUSCO complete genes(C) 1585 (98.20%)
BUSCO single copy genes(S) 1472 (91.20%)
BUSCO duplicated genes(D) 113 (7.00%)
BUSCO fragmented genes(F) 18 (1.12%)
BUSCO missing genes (M) 11 (0.68%)

Table 1. Summary of Ormosia henryi genome assembly.

Type Length (bp) % in genome
DNA transposon 46,770,846 1.74
LINE 56,463,461 2.10
SINE 103,359 0.00
LTR 1,741,306,952 64.70
Satellite 1,141,065 0.04
Simple repeat 3,501 0.00
Other 32,074 0.00
Unknown 42,771,967 1.59
Total 1,858,759,373 69.06

Table 2. Summary of repeat sequences in Ormosia henryi genome.

Statistical feature Corresponding value
Total gene number 42,260

Total transcript number 55,620

Mean gene length (bp) 5068.82

Functionally annotated gene number | 37,366

Table 3. Summary of protein-coding gene annotation in Ormosia henryi genome.

measures are needed'®. Thus, a high-quality genome of O. henryi is crucial for further elucidating the genetic
mechanism of endangerment and developing scientific conservation strategies.

In this study, we assembled a high-quality chromosome-level genome of O. henryi using PacBio HiFi
sequencing and Hi-C sequencing technologies. The assembly yielded a 2.69 Gb genome with a scaffold N50
length of 354.08 Mb. Approximately 99.97% of the assembled sequences were anchored to 8 pseudochromo-
somes by Hi-C guided assembly (Table 1). The assembly’s quality was validated through Benchmarking Universal
Single-Copy Ortholog (BUSCO) analysis, which revealed 98.20% completeness (Table 1). Of this genome assem-
bly, 69.06% were repetitive sequences, mainly long terminal repeats (LTR), accounting for 64.70% of the genome
(Table 2). Meanwhile, 42,260 protein-coding genes were predicted, with 37,366 genes being functionally anno-
tated (Table 3). The chromosome-level genome assembly of O. henryi will serve as a valuable genetic resource
for improving conservation efforts and facilitating the exploration of its diverse applications. In addition, the
genome data can help elucidate the evolutionary history and relationships within the genus Ormosia, as well
as the genetic basis underlying key traits such as hard wood formation and bioactive components biosynthesis.

Methods

Sample collection and sequencing. For genomic DNA extraction, fresh young leaves of O. henryi were
collected from a single adult plant cultivated in Jiangxi Academy of Forestry, Nanchang city, Jiangxi Province,
China (28.7412°N, 115.8168°E). The inflorescences of the same individual plant were collected for RNA extrac-
tion. The harvested materials were rapidly frozen in liquid nitrogen and then preserved at —80 °C until DNA and
RNA extraction.
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Fig. 1 Genome survey of Ormosia henryi based on the kmer distribution analysis using a kmer size of 21.

Genomic DNA was extracted following the modified CTAB method'®. DNA quality and concentration
were examined using a NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, USA) and a Qubit 3.0
Fluorometer (Thermo Fisher Scientific, USA). For genome survey sequencing, the paired-end library was
prepared using the DNBSEQ-T7RS High-throughput Sequencing Kit (MGI Tech, China), and the library
was sequenced on a DNBSEQ-T?7 platform (MGI Tech, China) following the manufacturer’s instructions.
This yielded about 385.88 Gb of paired-end raw reads, covering about 143.38 x of the O. henryi genome
(Supplementary Table S1). For PacBio HiFi long-read sequencing, a SMRTbell library was prepared following
the PacBio’s standard protocol (Pacific Biosciences, USA). The library was then sequenced on a PacBio Revio
System in CCS mode, generating 85.41 Gb of HiFi reads with a total depth of 31.74 x (Supplementary Table S1).

To prepare the library for high-throughput chromosome conformation capture (Hi-C) sequencing, fresh
leaves were treated with formaldehyde for DNA cross-linking. Subsequently, the Hi-C library was constructed
based on the standard protocol and sequenced on a DNBSEQ-T?7 platform, generating 137.05 Gb raw read data
with a total depth of 50.92 x (Supplementary Table S1).

For genome annotation, a published transcriptome sequencing dataset of five tissues (young leaves, old
leaves, stems, barks, roots) from O. henryi was used'! (Supplementary Table S1). Additionally, total RNA was
extracted from the collected inflorescences for transcriptome sequencing. The RNA library was prepared using
the Ultima Dual-mode mRNA Library Prep Kit (Yeason, China) according to the manufacturer’s instructions,
and PE150 sequencing was conducted on a DNBSEQ-T7 platform (MGI Tech, China). A total of ~72.22 Gb
RNA-seq reads were used in the subsequent annotation analysis (Supplementary Table S1).

Genome assembly. Prior to the genome assembly, a genome survey was conducted to assess the main fea-
tures of the O. henryi genome, including genome size, heterozygosity, and repeat content. The short reads were
filtered using Fastp v0.23.2'7 with default parameters. The frequencies of kmer 21 were generated by Jellyfish
v2.3.0'8 and used for the genome evaluation by GenomeScope v2.0. The estimated genome size was about
2.38 Gb, with a genome heterozygosity of 1.28% and a repeat content of 75.71% (Fig. 1).

The PacBio HiFi reads were used to perform de novo genome assembly using Hifiasm v0.19.6%° with default
parameters. Purge_haplotigs v1.0.4?! was used to purge the heterozygous and redundancy regions of the draft
assembly. Potential contaminants were identified by BLASTN analysis against the NCBI nucleotide database
using the BLAST +v2.11.0 software®’. The bacterial and fungal contaminants were removed from the contigs
based on the search results. The initial assembly resulted in a genome size of 2,954,680,083 bp, containing 150
contigs with a N50 length of 37,594,281 bp. Hi-C sequencing data were used to anchor the assembled contigs into
pseudochromosomes. The filtered Hi-C data were first mapped to the initial genome assembly with Juicer v1.6%.
The unique mapped reads were then taken as input for 3D-DNA pipeline v180922%* with parameters “-r 0”.
Afterwards, a careful manual inspection and correction of any visual errors in the graph was done by JuiceBox
v1.11.08%. As a result, eight pseudochromosomes were identified by distinct interaction signals in the Hi-C
interaction heatmap (Fig. 2).

We finally obtained a chromosomal-level genome of 2,691,380,774 bp in size with a scaffold N50 length of
354,082,533 bp (Table 1). About 99.97% of the genomic sequences were anchored to the 8 pseudochromosomes,
and the chromosomes were numbered according to the order of chromosome length (Fig. 2, Supplementary
Table S2). The GC content of the O. henryi genome assembly was 35.68% (Table 1). Benchmarking Universal
Single-Copy Ortholog (BUSCO) v5.4.3% was employed to assess the integrity, purity and completeness of the
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Fig. 2 Hi-C heatmap for the genome assembly of Ormosia henryi (bin size =1 Mb).

genome using the embryophyta_odb10 gene set. A total of 1585 (98.20%) BUSCOs were identified as complete,
including 1472 (91.20%) single-copy BUSCOs and 113 (7.00%) duplicated BUSCOs. Additionally, 18 (1.12%)
BUSCOs were identified as fragmented, and 11 (0.68%) BUSCOs were identified as missing. (Table 1).

Genome annotation. Repeat elements in the assembled genome were identified by combining de novo and
homology-based methods. For de novo-based identification, RepeatModeler v1.0.11%” and LTR_FINDER v1.0.7%
were used to construct the de novo repeat libraries following default parameters. RepeatMasker v4.0.9% was then
applied to detect repeat elements based on these libraries. For homology-based identification, RepeatMasker
v4.0.9 was employed against a known repeat database Repbase v23.08%. In addition, tandem repeats were anno-
tated using Tandem Repeat Finder (TRF) v4.09 software® with default parameters. Finally, we identified a total
of 1,858,759,373 bp as repeat sequences, which accounted for 69.06% of the genome assembly (Table 2). Most of
these repeats were long terminal repeats (LTRs), which contributed to 64.70% of the genome assembly. The DNA
transposons, long interspersed nuclear elements (LINEs), and Unknown repeat elements accounted for 1.74%,
2.10%, and 1.59% of the genome, respectively (Table 2).

Protein-coding genes were predicted by a combination of ab initio prediction, homology-based prediction
and transcriptome-based prediction. The ab initio gene prediction approach was performed by AUGUSTUS
v3.3.2%, GlimmerHMM v3.0.4% and Genscan v1.0** based on the statistical models of gene structure. For
homology-based prediction, we aligned the genome sequence against non-redundant protein sequences from
closely related eight species, including Glycine max*®, Medicago truncatula®®, Vigna unguiculata®, Lupinus
albus®®, Lupinus angustifolius®®, Pterocarpus macrocarpus®®, Pterocarpus santalinus*’, Sophora flavescens*!,
using miniprot v0.11** with default parameters. For transcriptome-based prediction, RNA-seq reads were
mapped to the O. henryi genome by HISAT2 v2.1.0%, and StringTie v1.3.5* was used to generate transcripts for
reference-guided assembly. The redundant transcripts were removed using CD-HIT v.4.8.1*°. The open reading
frames (ORFs) were predicted by TransDecoder v5.5.0 (https://github.com/TransDecoder/TransDecoder/). The
gene models predicted by the three methods were integrated using Maker2 v2.31.10%. Our final gene set com-
prised 42,260 protein-coding genes, with an average gene length of 5068.82 bp (Table 3). Gene functional anno-
tation was performed by aligning the predicted protein sequences against public functional gene databases using
BLAST + v2.11.0 (e-value < 107°), including NCBI-NR*¥, SwissProt*®, TTEMBL*, InterPro*, KEGG*’, COG®,
GO and Pfam™. As a result, a total of 37,366 genes were functionally annotated, which accounted for 88.42%
of the protein-coding genes (Table 3). The genomic features were then visualized by circos v0.69-9 (Fig. 3).

Various non-coding RNAs within the O. henryi genome were also predicted. The rRNA, miRNA, and snRNA
were predicted by INFERNAL v1.1.2%° based on the Rfam®® database v14.8. The tRNAs were predicted using
tRNAscan-SE v1.3.1%. Finally, 2,518 rRNAs, 229 miRNAs, 36,914 snRNAs and 1120 tRNAs were identified in
the O.henryi genome (Supplementary Table S3).

Data Records

The raw sequencing data in this study, including genome survey short reads, PacBio HiFi reads, Hi-C reads, and
RNA-seq short reads, have been deposited to the Genome Sequence Archive (GSA, https://ngdc.cncb.ac.cn/gsa/)
in the National Genomics Data Center (NGDC) with the accession number of CRA020446°%, CRA020384°°,
CRA020383%, CRA020387°" under the BioProject PRJCA032243%. The final genome assembly was deposited
in the NCBI database under the accession number of GCA_050613405.1%%, and was also available in the Genome
Warehouse (GWH) of NGDC under the accession number GWHFHGT00000000.1%*. The annotation files were
deposited in the figshare database for broader accessibility®.
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Fig. 3 The genomic features of Ormosia henryi. The features are arranged in the order of chromosomes, GC
content, gene density, repeat density, LTR/Gypsy density, LTR/Copia density, and syntenic blocks from outside
to inside across the 8 pseudochromosomes (window size =500kb).

Technical Validation

Genome assembly quality assessment.  Two separate methods were employed to assess the quality of the
assembled genome. Firstly, we evaluated assembly completeness utilizing BUSCO v5.4.3 against the embryophyta_
0db10 reference gene set. The assembly exhibited a BUSCO completeness of 98.20% BUSCO genes, compris-
ing 91.20% single-copy, 7.00% duplicated, 1.12% fragmented, and 0.68% missing. Secondly, the short reads from
genome survey sequencing were mapped to the final genome assembly using BWA v0.7.12% with default settings,
respectively. The mapping rate and coverage percentage of these short reads were 99.83% and 99.94%, respectively.

Gene annotation assessment. The predicted proteins were evaluated by BUSCO v5.4.3 with the embryo-
phyte_odb10 dataset. Among a total of 1614 BUSCOs, 1572 (97.40%) BUSCOs were complete (1466 single-copy
BUSCOs and 106 duplicated BUSCOs), 30 (1.86%) BUSCOs were fragmented and 12 (0.74%) BUSCOs were
missing, which indicated high-quality annotation of the predicted gene models.

Code availability

No custom codes were used in this study. All bioinformatics tools and software applications were executed in
accordance with their respective manuals and protocols. The specific software versions and the parameters used
are detailed in the methods section.
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