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Abstract 

Bac kgr ound: The genus Ormosia belongs to the Fabaceae family; almost all Ormosia species are endemic to China, which is considered 

one of the centers of this g enus. Thus, g enomic studies on the genus are needed to better understand species evolution and ensure 
the conservation and utilization of these species. We performed a chromosome-scale assembly of O. purpureiflora and updated the 
chr omosome-scale assemb lies of O . emarginata and O . semicastrata for comparati v e genomics. 

Findings: The genome assemb l y sizes of the 3 species ranged from 1.42 to 1.58 Gb, with O. purpureiflora being the largest. Re petiti v e 
sequences accounted for 74.0–76.3% of the genomes, and the predicted gene counts ranged from 50,517 to 55,061. Benchmarking 
Uni v ersal Single-Copy Orthologs (BUSCO) analysis indicated 97.0–98.4% genome completeness, whereas the long terminal r e peat (LTR) 
assemb l y index values ranged from 13.66 to 17.56, meeting the “reference genome” quality standard. Gene completeness, assessed 

using BUSCO and OMArk, ranged from 95.1% to 96.3% and from 97.1% to 98.1%, respectively. 
Characterizing genome architectures further revealed that inversions were the main structural rearrangements in Ormosia . In num- 
bers, density distributions of r e petiti v e elements r ev ealed the types of Helitron and terminal inverted repeat (TIR) elements and the 
types of Gypsy and unknown LTR r etr otransposons (LTR-RTs) concentrated in different regions on the chr omosomes, wher eas Copia 
LTR-RTs were generally evenly distributed along the chromosomes in Ormosia . 
Compared with the sister species Lupinus albus , Ormosia species had lower numbers and percentages of resistance ( R ) genes and 

transcription factor genes. Genes related to alkaloid, terpene, and flavonoid biosynthesis were found to be duplicated through tandem 

or proximal duplications. Notably, some genes associated with growth and defense were absent in O. purpureiflora . 
By resequencing 153 genotypes ( ∼30 Gb of data per sample) from 6 O. purpureiflora (sub)populations, we identified 40,146 single nu- 
cleotide pol ymorphisms. Corr esponding to its v er y small populations, O. purpureiflora exhibited low genetic di v ersity. 

Conclusions: The Ormosia genome assemblies provide valuable resources for studying the ev olution, conserv ation, and potential 
utility of both Ormosia and Fabaceae species. 

Ke yw or ds: compar ati v e g enomics, g ene families, g ene duplication, g enetic di v ersity, outlier loci, population genetics, RNA-seq, r e peat- 
mediated chromosome architectures, SNP calling, structure variation 

 

 

T  

a  

t  

e
 

b  

o  

e  
Data description 

Context 
The genus Ormosia Jackson, belonging to the Fabaceae family,
comprises a ppr oximatel y 130–150 species [ 1 , 2 ]. These species ar e 
trees and shrubs that thrive in warm climates. Fossil records sug- 
gest that Ormosia species were originally distributed in northern 

regions of the Northern Hemisphere and migrated southw ar ds 
during the Paleogene or Neogene period due to climate cooling [ 3 ].
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the original work is pr operl y cited. 
oday, their distributions span tropical America, Southeast Asia,
nd northern Australia [ 1–3 ], following a typical Asian–American
ropical disjunction pattern [ 1 ]. Continental Asia is widely consid-
red the center of origin for the genus. 

One of the most distinctive features of Ormosia species are their
rightl y color ed seeds, including r ed, or ange, bicolor ed r ed/or ange,
r black (Fig. 1 A), These seeds are commonly used in ethnic jew-
lry and other decor ativ e a pplications [ 1 ]. In addition, certain Or-
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Figure 1: Photogr a phs of Ormosia purpureiflora . (A) O . purpureiflora seeds. Seed sizes measur ed using a ruler ar e illustr ated in the lo w er right panel. 
(B) O. purpureiflora flo w ers. (C) O. purpureiflora fruit in the distance showing a diseased state or insect invasion. (D) O. purpureiflora seeds showing invasion 
b y w orms/insects or a diseased state. (E) O. purpureiflora flo w ers in a diseased state or under insect invasion. (F) O. purpureiflora natural habitat; the 
arro w sho ws the sampled individual (a small shrub) used for genome assembly. 
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osia species have high-value timber, and are cultivated as or-
amental landscape trees [ 4 , 5 ]. Extracts from their seeds , roots ,
tems , bark, and lea ves ha ve medicinal applications [ 6 , 7 ] due
o containing bioactive compounds such as alkaloids , fla vonoids ,
sofla vones , terpenes , and lignans [ 6–8 ]. Metabolomic and tran-
criptomic analyses have further revealed that transcription fac-
ors play a k e y role in the regulation of flavonoid and terpenoid
iosynthesis in Ormosia species [ 9 , 10 ]. 

In China, a ppr oximatel y 37 species of Ormosia exist, and 34 of
hem are endemic [ 2 ]. O. purpureiflora is one such endemic species.
nlike most Ormosia species, which typically have white or yel-

o w flo w ers, O. purpureiflora (NCBI:txid2866711) is c har acterized by
ts purple flo w ers (Fig. 1 B), as reflected in its species name ( pur-
ureiflora ). This species has been identified at only two locations
n southeast China: the Guangdong Longmen Nankunshan (NKS)
r ovincial Natur al Reserv e and the Guangdong Luofushan (LFS)
r ovincial Natur al Reserv e . Field in vestigations ha v e r e v ealed a p-
r oximatel y 2,000 individuals across these two sites [ 11 ]. A de-
ailed survey of five plots (each 20 m × 20 m, 4 in LFS and 1 in
KS) recorded a total of 1,468 individuals. O. purpureiflora is a small

hrub, with a diameter at breast height not exceeding 5 cm (aver-
ge, 1.74 cm) and a height of no more than 4.5 m (a verage , 1.02 m).
he species produces bisexual flo w ers in panicles or racemes and
t is primarily insect pollinated, with bees as the main pollinators.
lthough it exhibits typical outcrossing, self-pollination is also
ossible, as confirmed by bagging experiments [ 11 ]. Root-derived
lonal r epr oduction has also been observed in the field [ 11 ]. The
pecies is subject to se v er e pest and disease attacks, affecting both
o w ers and fruit (Fig. 1 C–E), resulting in low seed yields in its nat-
ral habitat. 

Adv ancements of high-thr oughput sequencing tec hnologies
ave enabled the assembly of full genome information in diversi-
ed species, facilitating their conserv ation, r estor ation, mana ge-
ent, and utilization. In this study, we generated a high-quality

enome of O. purpureiflora by using a combination of long- and
hort-read whole genome sequencing (WGS), high-throughput
 hr omosome conformation ca ptur e (Hi-C) sequencing, and RNA
equencing (RNA-Seq) of different tissues for annotation. In ad-
ition, we examined genetic diversity and conducted population
enetics analyses for O. purpureiflora by resequencing 153 samples
ollected from 2 sites. 

Genomic studies in Ormosia hav e primaril y focused on its
 hlor oplasts, with a ppr oximatel y 15 species, including O. pur-
ureiflora , having been studied [ 12 , 13 ]. To date, only 1 mito-
hondrial genome has been reported, which is from O. boluoen-
is [ 14 ]. Mor eov er, dr aft nuclear genomes have been reported
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for only 2 species , O. emar ginata (NCBI:txid53908) and O. semicas- 
trata (NCBI:txid499992) [ 15 ]. According to phylogenetic studies in 

Fabaceae [ 16 ], Ormosia belongs to the Genistoid linea ge, wher e 
it is most closely related to Hovea and P oecilanthe . Ho w ever, no 
genomes have been reported for these two genera. 

For compar ativ e genomics, we updated the genome assemblies 
of pr e viousl y published O . emarginata and O . semicastrata genomes 
[ 15 ] by using Hi-C data to generate chromosome-scale assem- 
blies. Compared with O. purpureiflora , both O . emarginata and O .
semicastrata ar e widespr ead species in southern and southeast- 
ern China, with O . emarginata extending into Vietnam. Unlike the 
small shrub O. purpureiflora , both O . emarginata and O . semicastrata 
ar e lar ge tr ees. Phylogenetic anal yses conducted by Torke et al. [ 1 ] 
placed O . emarginata and O . semicastrata in different clades, with O.
emarginata belonging to the Old World Ormosia clade 1 and O. sem- 
icastrata in the Old World Ormosia clade 2. Ho w e v er, O. purpureiflora 
was not included in these phylogenies. 

Methods 

Chromosome number observ a tion 

The individual used for c hr omosome number observation in O.
purpureiflora was r egener ated fr om seeds collected at LFS. Its r oot 
tips were pretreated with 0.002 M 8-hydroxyquinoline for 6 h and 

then fixed in a 3:1 (v:v) solution of absolute ethanol and glacial 
acetic acid for 24 h at room temperature. After fixation, the root 
tips wer e tr ansferr ed to 70% ethanol and stor ed at −4 ◦C until 
c hr omosome counts wer e performed. For c hr omosome counting,
the fixed root tips were hydrolyzed in a 1:1 (v:v) solution of 1 M 

absolute ethanol and hydr oc hloric acid at r oom temper atur e for 
7 min, rinsed with water, and then stained with carbol fuchsin for 
4 min. Meristems were then excised and squashed for microscope 
observ ation. Photogr a phs wer e taken using an Olympus BX-43 mi- 
cr oscope (Ol ympus Cor por ation, TN, USA) at 100 × ma gnification 

with an Olympus DP26 camera (Olympus Corporation, TN, USA). 

Sample collection and sequencing 

An O. purpureiflora individual (Fig. 1 F) collected from LFS was used 

for genome assembly. Genomic DN A w as isolated from its leaf tis- 
sues and multiple libraries were constructed, including long- and 

short-read WGS and Hi-C libraries. For gene annotation, RNA was 
extr acted fr om the same individual used for genome assembly,
specificall y fr om its leav es, flo w ers, seeds, and fruit. RNA-seq li- 
br aries wer e then constructed for these tissues. Long-r ead WGS 
was performed using the Oxford Nanopor e Tec hnologies (ONT) 
PromethION sequencer (Oxford Nanopore Technologies plc, Ox- 
ford, UK). Both long-read and ultra-long-read (50 kb) sequencing 
libr aries wer e gener ated on the ONT platform. Short-r ead WGS,
Hi-C, and RN A-seq w ere conducted using an MGI DNBSEQ-T7 (MGI 
Tech Co., Ltd., Shenzhen, China) sequencer with a 150 bp paired- 
end sequencing strategy (insert size, 300 bp). Given the relatively 
high err or r ate of ONT r eads, the err or pr ofile of the ONT data was 
estimated using SeqFaiLR (Tools To Analyse Long Reads Sequenc- 
ing Error Profile) [ 17 ]. 

For population genetic studies on O. purpureiflora , leaf 
samples were collected from 153 indi viduals re presenting 6 
(sub)populations in LFS and NKS (Table 1 , Fig. 2 A). These indi- 
viduals were randomly selected to ensure that their distribution 

cov er ed the entire range of the two sites based on a thorough 

field investigation [ 11 ]. The geogr a phical positions of the sampled 

individuals wer e r ecorded using a handheld GPS. Leaves from 

eac h individual wer e immediatel y placed into sealed plastic bags 
ontaining silica gel for pr eserv ation. Whole-genome r esequenc-
ng was conducted using an MGI DNBSEQ-T7 sequencer with a
E-150 bp model, generating approximately 30 Gb of data per
ample. 

Leaf and flo w er RN A-seq libraries w ere constructed and se-
uenced by Annoroad Gene Technology (AGT, Beijing, China),
nd the remaining libraries were constructed and sequenced by 
randOmics Biosciences (GB , W uhan, China). 
For O . emarginata and O . semicastrata , Hi-C libraries were con-

tructed using leaf samples from the same individuals used in
heir primary genome assembies [ 15 ], and sequencing was per-
ormed by GrandOmics Biosciences. 

Detailed sequencing information, including DN A/RN A prepa- 
ation and library construction (except for ONT ultra-long WGS 
equencing), has been reported in our previous studies [ 18 , 19 ].
pecificall y, ONT long-r ead WGS sequencing was performed us-
ng the protocol described by Wang et al. [ 18 ], whereas short-read

GS , Hi-C , and RNA-seq sequencing were conducted using proto-
ols described by Wang et al. [ 19 ]. F or O. purpureiflor a ONT ultra-
ong WGS sequencing, genomic DNA was extracted, and approxi- 

ately 8–10 μg of DNA fragments longer than 50 kb were selected
sing the Sa geHLS HMW libr ary system (Sa ge Science, Inc., MA,
SA). The size-selected DN A w as r epair ed using the NEBNext FFPE
NA Repair Mix (catalog no. M6630, New England Biolabs, MA,
SA) in accordance with the manufacturer’s instructions. End- 

epair and dA-tailing were then performed using the NEBNext Ul-
ra II End-Repair/dA-tailing Module (catalog no. E7546, New Eng- 
and Biolabs). Ligation of adaptors was performed by adding Adap-
or Mix (SQK-LSK114, Oxford Nanopore Technologies, Oxford, UK).
he adaptor-ligated DN A w as cleaned and quantified using flu-
rometry (Qubit 3.0, Thermo Fisher Scientific Inc., MA, USA) be-
or e libr ary construction. The final libr ary was sequenced on the
anopor e Pr omethION platform using an R10.4.1 flo wcell (Oxfor d
anopor e Tec hnologies). Basecalling was performed using Dor ado

RRID) v. 0.3.4 [ 20 ]. 
For genome assembly, annotation, and comparative genome 

nal ysis, default par ameters wer e used in all pr ogr ams unless
therwise specified. 

ate preprocessing 

hort WGS reads of O. purpureiflora and Hi-C reads from all 3 Or-
osia species were quality-trimmed using Sickle v. 1.33 ( RRID:

CR _ 006800 ) [ 21 ]. Reads with base quality values below 30 or
engths shorter than 80 bp were remo ved. T he WGS reads of O. pur-
ureiflora were further error corrected using RECKONER v. 1.1 [ 22 ].
ased on the err or-corr ected r eads, 21-mer fr equencies wer e gen-
rated using Jellyfish 2.3.0 ( RRID:SCR _ 005491 ) [ 23 ], and the results
er e anal yzed using GenomeScope 2.0 ( RRID:SCR _ 017014 ) [ 24 ] to
stimate the genome size, heterozygosity, and re petiti veness of O.
urpureiflora . The ploidy le v el of O. purpureiflora was determined us-
ng nQuire with the “lrdmodel” function [ 25 ]. For ONT (ultra-)long

GS reads of O. purpureiflora , adapters were removed using Por-
hop 0.2.4 [ 26 ]. ONT reads larger than 20 kb were then extracted
rom the full dataset and defined as the 20 kb ONT read set, which
as subsequently used for O. purpureiflora genome assembly. 

enome assembly 

sing the 20 kb ONT read set, the O. purpureiflora genome was as-
embled using NextDenovo 2.3.1 [ 27 ]. After assembl y, Pseudoha p-
oid [ 28 ] and Purge_Dups v. 1.2.6 ( RRID:SCR _ 021173 ) [ 29 ] were used
o identify and r emov e duplications resulting from heterozygos- 
ty. The assembly was then polished sequentially by Racon v. 1.5.0
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Table 1: Six sampled (sub)populations and their genetic diversities in Ormosia purpureiflora 

(Sub)population Sample size Ho He Fis π

LFS1 26 0 .171 0 .148 -0 .122 0 .148 
LFS2 26 0 .154 0 .130 0 .000 0 .128 
LFS3 26 0 .165 0 .146 -0 .083 0 .147 
LFS4 26 0 .196 0 .154 -0 .268 0 .152 
LFS5 26 0 .146 0 .122 0 .058 0 .121 
NKS 23 0 .153 0 .122 0 .011 0 .121 

Figure 2: Sampled (sub)populations and population genetics of Ormosia purpureiflora . (A) Map showing (sub)populations sampled for Ormosia 
purpureiflora . (B) Principal component analysis (PCA) results showing the first 3 PCs (PC1 versus PC2; PC1 versus PC3) for O. purpureiflora individuals 
sampled from different (sub)populations. (C) Admixture results representing data for K = 2–6 clusters. 
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 RRID:SCR _ 017642 ) [ 30 ] (run twice), Hapo-G v. 1.3.2 [ 31 ] (run twice),
nd Polypolish v. 0.5.0 [ 32 ]. Depthcharge v. 0.2.0 [ 33 ] was applied to
orrect potential misassemblies, and contigs shorter than 1,000 bp
er e r emov ed. The corr ected assembl y was scaffolded using Hi-C

eads with Scaffhic v. 1.1 [ 34 ], the Juicer pipeline 1.6 ( RRID:SCR _
17226 ) [ 35 ], and 3d-dna 201,008 ( RRID:SCR _ 017227 ) [ 36 ]. Gaps in
he scaffolded assembly were closed with TGS-GapCloser v. 1.2.1
 RRID:SCR _ 017633 ) [ 37 ]. The gap-closed assembly was polished
 gain using Racon, Ha po-G, and Pol ypolish. Redundans 0.14a [ 38 ]
as used to r emov e r edundant sequences unanc hor ed to c hr o-
osomes . T he assembly was then uploaded to GenBank to c hec k

or possible contamination. Sequences identified as bacterial and
ungal contaminants were removed. Subsequently, telomeric re-
eats at each chromosome ends were identified (with the param-
ter of “–motifs TTTAGGG –matc hAn y”) and r ecov er ed using Te-
oclip v. 0.0.3 [ 39 ]. The assembly was then polished by Racon,
a po-G, and Pol ypolish to produce a complete genome assem-
l y. To e v aluate the assembl y completeness, Benc hmarking Uni-
ersal Single-Copy Orthologs (BUSCO) v. 5.5.0 ( RRID:SCR _ 015008 )
 40 ] was applied using the eudicots_odb10.2020–09-10 database,
hich contains 2,326 conserved eudicot core genes. Assembly
uality was further assessed using AssemblyQC v. 2.1.1 [ 41 ] and
AEP v. 1.2.3 [ 42 ]. AssemblyQC provided metrics such as the long

erminal repeat (LTR) Assembly Index (LAI) [ 43 ], which evaluates
ontiguity based on re petiti ve sequences, as well as k -mer-based
ssembly completeness [ 44 ]. GAEP offered mapping-based evalu-
tions, r eporting r ead ma pping r atios for v arious r ead types (long
GS , short WGS , and RNA-seq reads) and a consensus quality

alue (QV) for overall mapping accuracy. 
For O . emarginata and O . semicastrata , the primary assemblies

 15 ] were upgraded to chromosome-scale assemblies following
he O. purpureiflora pr ocedur es, starting fr om Hi-C scaffolding. The
nal assemblies were evaluated for quality by using the same
ethods applied to O. purpureiflora . 

https://scicrunch.org/resolver/RRID:SCR_017642
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Repeat sequence and gene prediction 

The repeat sequences in 3 Ormosia c hr omosome-scale assemblies 
were identified using both EDTA v. 2.1.0 ( RRID:SCR _ 022063 ) [ 45 ] 
and RED v. 2.0 [ 46 ]. The r esults fr om both pr ogr ams for eac h as-
sembl y wer e combined and used to soft-mask the corr esponding 
assembly with Bedtools v. 2.29.2 ( RRID:SCR _ 006646 ) [ 47 ] using the 
commands “merge” and “maskfasta.” An explanation of the merg- 
ing pr ocedur e is shown in Supplementary Fig. S1 . The densities of 
re petiti ve elements measured by length proportion (percentage of 
sequence cov er a ge on c hr omosome) and number per 10 5 or 10 6 bp 

on the c hr omosomes wer e then calculated with Circlize v. 0.4.15 
[ 48 ] under the parameter of “overlap = FALSE.”

The soft-masked Ormosia assemblies were annotated using 
BRAKER2 v. 2.0 [ 49 ] and the Funannotate pipeline v. 1.8.16 [ 50 ].
BRAKER2 utilized RNA-seq reads and r efer ence pr oteins fr om 

eight species ( Supplementary Table S1 ) for transcriptome- and 

homology-based annotation, except for ab initio-based gene pre- 
diction. The results from BRAKER2 were integrated using Funan- 
notate to generate consensus gene sets. Gene prediction in Fu- 
nannotate follo w ed 3 steps: “tr ain,” “pr edict,” and “update.” For 
the “predict” and “update” steps, the parameters “-max_intronlen 

100,000 -busco_db embryophyta -organism other” were applied. 
Function annotation of predicted genes in Ormosia species was 
performed using Funannotate with the “annotate” command. 
The annotation databases included dbCAN v. 10.0 ( RRID:SCR _ 
013208 ) [ 51 ], EggNOG v. 5.0.2 ( RRID:SCR _ 002456 ) [ 52 ], Gene Ontol- 
ogy (GO, RRID:SCR _ 002811 ) [ 53 , 54 ], Kyoto Encyclopedia of Genes 
and Genomes (KEGG, RRID:SCR _ 012773 ) [ 55 ], InterPro v. 5.62-94.0 
( RRID:SCR _ 006695 ) [ 56 ], MEROPS v. 12.0 [ 57 ] ( RRID:SCR _ 007777 ),
Pfam v. 35.0 [ 58 ] ( RRID:SCR _ 004726 ), SignalP 5.0b ( RRID:SCR _ 
015644 ) [ 59 ], and UniProt v. 2023_02 ( RRID:SCR _ 002380 ) [ 60 ]. 

The completeness of the predicted genes was initially evalu- 
ated using BUSCO with the eudicots_odb10.2020-09-10 database, 
analyzing the longest transcripts from each Ormosia assembly. 
In addition, prediction quality was assessed using the online 
tool OMArk v. 0.3.0 [ 61 ]. Unlike B USCO, whic h focuses solel y 
on conserved single-copy genes, OMArk evaluates completeness 
based on conserved genes in both single and multiple copies. It 
also examines the consistency of the predicted genes relative to 
closel y r elated species (e.g., the pr oportion of genes in the same 
lineage) and identifies potential contamination events. Finally, 
the completeness of the predicted genes was examined against 
15,345 r epr esentativ e gene models from 12 Fabaceae species [ 62 ].
For this analysis, the gene models of eac h compar ativ e species 
( Supplementary Table S2 ) wer e matc hed to the r epr esentativ e 
genes by using blastp ( RRID:SCR _ 004870 ) v. 2.13.0 [ 63 ] with the 
par ameters “-e v alue 1e-2 -outfmt 6 -num_threads 96 -max_hsps 
5 -max_target_seqs 5.”

For the compar ativ e genomic anal yses, onl y the longest tran- 
script for each gene across all species was used, unless stated oth- 
erwise . Additionally, for genome comparisons , the protein-coding 
genes of all other species used in our phylogenetic analysis (see 
belo w) w er e functionall y annotated following the same proce- 
dur es a pplied to the Ormosia species. 

Gene family and comparati v e genomics 

Orthologous groups (gene families) in Ormosia were identified us- 
ing OrthoFinder 3.0.0 ( RRID:SCR _ 017118 ) [ 64 , 65 ], with protein- 
coding gene sequences from 17 other species ( Supplementary 
Table S2 ) as inputs. Phylogenetic analysis was subsequently 
performed using 1,131 single-copy orthologs inferred using Or- 
thoFinder , employing ST AG [ 66 ] and STRIDE [ 67 ], whic h ar e inte- 
rated within OrthoFinder. The gene family file generated using 
rthoFinder was further analyzed to assess gene family expan- 
ion or contraction using CAFE v. 5 ( RRID:SCR _ 018924 ) [ 68 ]. The
pecies tree, along with the divergence time required for CAFE
nalysis, was constructed using MCMCTree [ 69 ], with 12 calibra-
ion points from the TimeTree database ( Supplementary Table S3 )
or calibration. Following the C AFE analysis , GO and KEGG enrich-

ent anal yses wer e performed on the significantl y expanded and
ontracted gene families in O. purpureiflora using TBtools v. 2.030
 70 ]. 

ene duplica tions, synten y, and structur al 
 aria tion anal ysis 

ncient whole genome duplication (WGD) e v ents in Ormosia and
heir sister species Lupinus albus (see Results in " Gene family " sec-
ion) were identified using wgd v. 1.1.2 [ 71 ]. Gene duplications in
rmosia wer e anal yzed using Doubletr ouble v. 0.99.1 [ 72 ], whic h
lassified the duplication origin into categories including WGD,
andem duplications, proximal duplications, transposed duplica- 
ions, and dispersed duplications [ 73 ]. In this analysis L . albus was
sed as an outgroup species. For genes resulting from WGD, tan-
em, and proximal duplications in O. purpureiflora , GO and KEGG
nric hment anal yses wer e performed using TBtools. 

Syntenic regions within and between Ormosia and L. albus 
enome assemblies were identified using MCScanX [ 74 ] and vi-
ualized using Shinycircos [ 75 ] or SynVisio [ 76 ]. The parameter of
-s 30” (MATCH_SIZE) was used for synteny analysis in MCScanX.
tructur al v ariations wer e identified using c hr omeister v. 1.5.a [ 77 ]
nd plotsr v. 1.1.0 [ 78 ]. 

dentification of nucleotide-binding leucine-rich 

epeats and other resistance genes 

ucleotide binding leucine-rich repeats (NLR) genes are the 
rimary plant resistance ( R ) genes that protect against viruses,
acteria, nematodes, fungi, oomycetes, and insects [ 79 , 80 ]. These
enes typically consist of 3 canonical domains: a variable N-
erminal domain, a central nucleotide-binding domain (NB-ARC),
nd a C-terminal domain composed of leucine-rich repeats 
LRRs) [ 81 ]. At the N terminus, 3 types have been identified:
oll/interleukin-1 receptor (TIR), coiled-coil (CC), and resistance 
o powdery mildew8 (RPW8) [ 82 ]. The InterPro/Pfam entries asso-
iated with these domains include NB-ARC (IPR002182/PF00931),
IR (IPR000157/PF01582/PF13676), CC (IPR038005), RPW8 

IPR008808/PF05659), and LRR (IPR001611/PF00560/,
PR013101/PF07723, IPR011713/PF07725, IPR025875/PF12799,
PR026906/PF13306, IPR001611/PF13516/PF13855, PF14580 and 

PR032675). In addition to the NLR genes, other R genes were
dentified based on their InterPro entries, as described by De-la-
ruz et al. [ 83 ]. Using gene annotation results from all species

3 Ormosia species and the 17 compar ativ e species listed in
upplementary Table S2 ), obtained using the “annotate” com- 
and from the Funannotate pipeline, the InterPro/Pfam entries 

f their genes were matched to the corresponding R gene entries.
he types and statistics of R genes were subsequently categorized 

or each species. 
Because the abov e searc hes wer e mainl y based on the Inter-

ro and Pfam databases, both were generalized domain annota- 
ion tools and might provide ov erla pping or fr a gmented annota-
ions, leading to inaccurate results in R gene identification. There-
ore , NLR genes , in Ormosia and the other compared species in our
hylogenic anal ysis, wer e also identified by Resistify v. 1.1.5 [ 84 ],

https://scicrunch.org/resolver/RRID:SCR_022063
https://scicrunch.org/resolver/RRID:SCR_006646
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://scicrunch.org/resolver/RRID:SCR_013208
https://scicrunch.org/resolver/RRID:SCR_002456
https://scicrunch.org/resolver/RRID:SCR_002811
https://scicrunch.org/resolver/RRID:SCR_012773
https://scicrunch.org/resolver/RRID:SCR_006695
https://scicrunch.org/resolver/RRID:SCR_007777
https://scicrunch.org/resolver/RRID:SCR_004726
https://scicrunch.org/resolver/RRID:SCR_015644
https://scicrunch.org/resolver/RRID:SCR_002380
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://scicrunch.org/resolver/RRID:SCR_004870
https://scicrunch.org/resolver/RRID:SCR_017118
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://scicrunch.org/resolver/RRID:SCR_018924
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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hich could accurately and extensively identify and classify them
y integrating different programs and more filtering steps. 

ranscription factor 
ranscription factor (TF) genes in the genomes of Ormoisa species
nd the other species in our phylogenic anal ysis wer e identi-
ed by the TF prediction online tool PlantTFDB v. 5.0 [ 85 ]. TF
enes were also predicted by TransFacPred [ 86 ], which combined
lignment-fr ee (mac hine learning method) and alignment-based
BLAST method) methods to ac hie v e high accuracy. 

ingle-nucleotide polymorphism calling 

ingle-nucleotide pol ymor phisms (SNPs) in 153 O. purpureiflora in-
ividuals were identified using NGSEP ( RRID:SCR _ 012827 ) v. 5.0.0
 87 ] with the O. purpureiflora genome assembled in this study serv-
ng as the r efer ence . T he mapping results used for this procedure
er e fr om BW A v . 0.7.17-r1188 [ 88 ]. For NGSEP, the parameters -h
.00952 –maxAlnsPerStartPos 2 were used, with all other settings
emaining at their defaults . T he -h parameter specifies the het-
r ozygosity r ate, whic h was deriv ed fr om the GenomeScope r e-
ults (see Results in " Genome assembly " section). The raw SNPs
alled b y NGSEP w er e quality-filter ed using VCFtools (RRID) v.
.1.17 [ 89 ], with the parameters of “–max-missing 0.95 –maf 0.05 –
 ecode –r ecode-INFO-all –min-meanDP 20 –mac 3 –minQ 30 –non-
ef-af 0.001 –max-non-ref-af 0.9999.” Filtered SNPs were further
r ocessed to r emov e the SNPs de viating fr om Hardy–Weinber g
quilibrium (HWE) and the InDels. Departure from HWE can
ause genotyping errors due to the presence of null alleles, se-
uence duplication, copy number variation, and other sequencing
r oblems r elated to r ead depth. The HWE filtering was performed
sing the script “filter_hw e_b y_pop.pl” from the “SNP Filtering Tu-
orial” [ 90 ] with the parameter “-c 0.”

To accur atel y infer population genetic div ersity and structur e,
NPs called by NGSEP were further filtered to remove those in
inkage disequilibrium (LD) by using Plink (RRID) v. 1.90p [ 91–93 ].
pecifically, SNP loci with an LD association coefficient ( r 2 ) greater
han 0.2 were excluded. Finally, outlier SNPs (potentially under
election) were identified and removed from the dataset used for
enetic diversity and structure inferences . T hese SNPs were de-
ected using PCAdapt v. 4.3.5 [ 94 , 95 ] and BayPass v. 2.4 [ 96 ]. 

For PCAdapt, a principal component analysis (PCA) was first
erformed, and a Scree plot was used to determine the optimal
umber of PCs for r egr ession with eac h SNP. Following r egr ession
nalysis, SNPs with a q value (adjusted P value) of < 0.01 were con-
idered outliers. For BayP ass, the cor e model with default param-
ters was applied. This model estimated an F ST -like XtX statistic
hile accounting for the v ariance–cov ariance structur e. To deter-
ine significance, a calibr ated thr eshold (99%) was established by

im ulating pseudo-observ ed datasets (100,000 SNPs). SNPs falling
ithin the 99.9% quantile of the pseudo-observed XTX distri-
ution wer e consider ed outliers. Outlier SNPs wer e identified as
hose occurring in both PCAdapt and BayPass results. 

enetic di v ersity and genetic structure 

enetic diversity parameters, including observed heterozygosity
 Ho ), expected heterozygosity ( He ), and inbreeding coefficient ( Fis ),
ere estimated by VCFtools. Nucleotide diversity within popula-

ions ( π ), nucleotide div er gence between populations ( dxy ), and
airwise genetic differentiation ( Fst ) were calculated using pixy v.
.2.7.beta1 [ 97 ]. 

The genetic structure of O. purpureiflora was inferr ed thr ough
CA and ADMIXTURE ( RRID:SCR _ 001263 ) [ 98 ]. PCA was performed
sing SNPRelate v. 1.36.0 [ 99 ], and ADMIXTURE was conducted us-
ng the AdmixPipe v. 3.2 pipeline [ 100 ]. In AdmixPipe, the number
f potential genetic groups ( K ) was tested from 1 to 6, with 20 repli-
ates for each K value . T he best K value was determined based on
r oss-v alidation (CV) err ors. For the inferr ed K , CLUMPAK v. 1.1
 101 ] was used to estimate the mean membership coefficients for
ndividuals across the 20 replicates. 

esults 

hromosome number 
he ploidy le v el estimated using nQuir e indicated that the O. pur-
ureiflora genome is diploid because the diploid model sho w ed
 lo w er delta likelihood than the free model (diploid delta
ikelihood: 1,609,982.99; triploid delta likelihood: 2,029,931.52;
etr a ploid delta likelihood: 2,270,455.24) ( Supplementary Table
4 ). Similar estimations for O. emarginata and O. semicastrata con-
rmed that these species also have diploid genomes. 

The c hr omosome number of O. purpureiflora was determined to
e 2 n = 16 ( Supplementary Fig. S2 ), consistent with the number
 eported pr e viousl y in O. macrocal yx [ 102 ] and O. arborea [ 103 ]. 

enome sequencing 

 or O. purpureiflor a , the ONT sequencing platform gener ated a p-
r oximatel y 181.6 Gb of WGS reads, including 51.3 Gb of ultra-

ong reads . T he short sequencing platform pr oduced a ppr oxi-
ately 139.3 Gb WGS reads and 146.8 Gb Hi-C reads. RNA-seq

ata amounted to a ppr oximatel y 20.4 Gb , 21.9 Gb , 23.3 Gb , and
5.3 Gb for leaf, flo w er, fruit, and seed samples, r espectiv el y. For O .
marginata and O . semicastrata , 148.7 Gb and 123.6 Gb Hi-C reads
er e gener ated, r espectiv el y. 

enome assembly 

 or O. purpureiflor a , the genome size estimated using
enomeScope was 1,503,292,231 bp, with re petiti ve sequences
ccounting for 66.6% of the genome and a heterozygosity rate
f 0.952% ( Supplementary Fig. S3 ). The initial genome assembly
ize was 1,811,176,403 bp, comprising 313 contigs with an N50
f 50,908,349 bp. After r edundancy r emov al, Hi-C scaffolding
nd gap closing, the final assembly measured 1,584,128,722,
ith 1,583,483,254 bp (99.96%) anc hor ed to 8 c hr omosomes

Table 2 , Fig. 3 A), consistent with c hr omosome number obser-
ation ( Supplementary Fig. S2 ). The longest chromosome was
59,935,025 bp long, and the shortest was 121,398,155 bp. 

The initial assemblies for O. emarginata and O. semicastrata
ere 1,420,917,605 bp and 1,511,766,959 bp, r espectiv el y [ 15 ].
enomeScope estimations using a k -mer size of 21 r e v ealed r epeat
ontents of 65.5% and 63.4%, and heterozygosity rates of 2.29%
nd 2.05% for O. emarginata and O. semicastrata , r espectiv el y. Both
pecies displayed higher heterozygosity than O. purpureiflora , al-
hough the repeat content was similar across the 3 species. After
ncor por ating Hi-C data, the assembl y sizes of O . emarginata and
 . semicastrata wer e r efined to 1,420,253,666 and 1,510,687,319 bp,
 espectiv el y (Table 2 ). Each assembly achieved 8 chromosome-
e v el scaffolds, accounting for 99.99% and 99.97% of the total in
. emarginata and O. semicastrata , r espectiv el y. 

F or O. purpureiflor a , B USCO e v aluation r e v ealed 98.3% com-
lete BUSCOs, with 89.4% of them being single-copy BUSCOs and
.9% being duplicated BUSCOs. In addition, 0.3% BUSCOs were
r a gmented, and 1.4% were missing. For O . emarginata , the com-
lete B USCO scor e was 97.0%, including 89.4% complete and
ingle-copy BUSCOs and 7.6% complete but duplicated BUSCOs,

https://scicrunch.org/resolver/RRID:SCR_012827
https://scicrunch.org/resolver/RRID:SCR_001263
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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Table 2: Statistics and e v aluations of genome assemblies for three Ormosia species 

Species O . purpureiflor a O. emarginata a O . semicastr ata a 

Initial assembly statistic (bp) 
N10 122,192,683 81,285,628 89,031,100 
N20 120,000,233 63,464,384 79,796,434 
N30 75,858,835 43,593,171 73,253,298 
N40 61,354,201 37,463,220 56,807,054 
N50 50,908,349 28,195,512 48,976,089 
N60 45,450,924 25,800,464 45,239,136 
N70 36,587,725 20,527,781 31,722,207 
N80 15,728,371 13,438,452 22,051,163 
N90 3,163,854 7,895,810 12,933,450 
N100 34,487 173,104 128,272 
Total length 1,811,176,403 1,420,917,605 1,511,766,959 
Av er a ge length 5,786,506.08 15,787,973.39 23,996,300.94 
Largest length 142,757,542 84,853,091 144,833,628 
Minimum length 34,487 173,104 128,272 
Number of contigs 313 90 63 

Assembly after applying Hi-C data (bp) 
chr1 259,935,025 199,918,031 205,218,018 
chr2 233,292,245 210,768,611 211,883,283 
chr3 229,093,642 183,696,964 200,464,886 
chr4 212,222,348 180,298,008 178,099,194 
chr5 195,349,128 202,609,791 205,007,630 
chr6 187,433,795 149,243,870 185,806,757 
chr7 144,758,916 145,867,561 164,432,676 
chr8 121,398,155 147,815,325 159,254,978 
Unanc hor ed to c hr omosome 645,468 35,505 519,897 
Total length 1,584,128,722 1,420,253,666 1,510,687,319 

Assembly quality assessed by AssemblyQC 

LAI 16.08 13.66 17.56 
k -mer based assessment 
Completeness 88.36% 78.04% 81.15% 

QV 28.83 27.02 28.34 
Assembly quality assessed by GAEP 

GC content 35.06% 34.53% 34.63% 

Mapping based assessment 
QV 39.74 37.38 38.46 
Long WGS reads mapping ratio 97.32% 

b 99.72% 

c 99.59% 

c 

Short WGS read mapping ratio d 99.76% 98.31% 98.43% 

RNA-seq mapping ratio e 

Leaf 95.77% 93.52% 95.24% 

Flo w er 91.15% — —
Fruit 95.96% — —
Seed 92.23% — —

a From Liu et al. [ 15 ]. 
b With reads longer than 20 kb 
c With reads longer than 10 kb. 
d Trimmed and err or-corr ected. 
e Trimmed using trimmomatic ( RRID:SCR _ 011848 ) v. 0.39 [ 121 ] with parameter “SLIDINGWINDOW:4:5 LEADING:5 TRAILING:5 MINLEN:25.”
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with 0.5% fr a gmented and 2.5% missing. Similarly, O . semicastrata 
ac hie v ed a complete B USCO scor e of 98.4%, consisting of 90.4% 

complete and single-copy BUSCOs and 8.0% complete but dupli- 
cated BUSCOs, with fragmented and missing BUSCOs constituting 
0.1% and 1.5%, r espectiv el y. 

The LAI values for the 3 Ormosia assemblies were all above 10,
r anging fr om 13.66 to 17.56 (Table 2 ), meeting the quality standard 

for a “r efer ence genome.” Ma pping-based e v aluations indicated 

that all types of reads achieved high mapping ratios, exceeding 
91%. Ho w e v er, the k -mer and mapping-based quality value (QV) 
scores in all 3 Ormosia assemblies were below 40, a threshold that 
corresponds to 99.99% base accuracy and is considered high qual- 
ity for genome assemblies [ 42 , 44 ]. In addition, k -mer-based com- 
pleteness was below 90% across all Ormosia assemblies, with O.
purpureiflora having the highest completeness at 88.36% and O.
mar ginata ha ving the lo w est at 78.04%. These assessments sug-
est that further impr ov ements in the assemblies are warranted. 

Assembling genomes with a large size ( > 1 Gb), high repeat
ontent ( > 50%), and ele v ated heter ozygosity ( > 0.5%) pr esents
ignificant challenges [ 104 ], and the species examined in this
tudy exhibited all these featur es. To addr ess these issues, we
sed the Nanopore sequencing platform, which generates reads 
hat are longer in length than those produced by the PacBio se-
uencing platform, particularly in Hi-Fi sequencing mode [ 105 ].
 or O. purpureiflor a , we included ultr a-long r eads ( > 50 kb) to en-
ance assembly continuity. In the assembly process, reads longer 
han 20 kb were used for assembling the O. purpureiflora genome,
her eas r eads longer than 10 kb wer e used for assembling the

enomes of O. emarginata and O. semicastrata . Pr ogr ams suc h as
seudohaploid and Purge_Dups were used to remove heterozy- 

https://scicrunch.org/resolver/RRID:SCR_011848
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Figure 3: Ormosia genomes and compar ativ e genomics. (A) Hi-C interaction heat maps (bin length, 100,000 bp) for the genome assemblies of three 
Ormosia species. (B) Circos plot showing the genome features (chromosome, repeat density in length proportions, repeat density in numbers, gene 
density, and syntenic blocks from outer to inner) across chromosomes of the genome assemblies of three Ormosia species. Repeat densities in each 
Circos plot was quantified by all re petiti ve elements. For O. purpureiflora , the Circos plot also includes SNP density results between the results of gene 
density and syntenic blocks. All densities were estimated using a 1 Mbp sliding window. (C) The inferred phylogenetic tree, divergence time, and 
contracted (–) and expanded ( + ) gene families in O. purpureiflora and other species . (D) T he density distribution of synonymous nucleotide substitutions 
( Ks ) in the whole genome duplication analysis for Ormosia species and their sister species, L. albus . (E) Syntenic blocks among Ormosia species and L . 
albus . (F) Intr ac hr omosomal structur al v ariations observ ed among the thr ee Ormosia species. 
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ous contigs and r egions, effectiv el y mitigating c hallenges as-
ociated with high repeat content and heterozygosity in these
enomes. Ho w e v er, ONT r eads gener all y hav e high sequencing er-
 or r ates, r anging fr om 5% to 20% [ 105–107 ]. F or O. purpureiflor a , the
rr or r ate of ONT r eads was 15.18%, as assessed using the 20 kb
NT read set used for genome assembly (see Methods in " Genome
ssembl y " section). Similarl y, err or r ates of 17.75% and 16.82%
er e observ ed in the 10 kb ONT read sets of O. emarginata and
. semicastrata , r espectiv el y. Giv en these limitations, haplotype-
 esolv ed de novo genome assembly was not performed for the 3
rmosia species. Future studies should incorporate highly accu-

ate Hi-Fi long-read sequencing technology and phasing steps to
ptimize the current assemblies and improve their overall quality.

epeat and gene annotation 

ED analyses identified 1,037,006,095 bp (65.5%), 885,912,252 bp
62.4%), and 968,176,023 bp (64.1%) of re petiti ve sequences in O.
urpureiflora , O . emarginata , and O . semicastrata , r espectiv el y. EDTA
nal yses r e v ealed higher percenta ges , that is , 1,139,417,595 bp
71.9%), 989,514,254 bp (69.6%), and 1,074,353,470 bp (71.1%) of
e petiti ve sequences in O. purpureiflora , O . emarginata , and O . sem-
castrata , r espectiv el y ( Supplementary Table S5 ). After combin-
ng the results from RED and EDTA, the total re petiti ve compo-
ents were found to be 1,209,324,791 bp (76.3%) in O. purpureiflora ,
,051,218,280 bp (74.0%) in O . emarginata , and 1,135,447,010 bp
75.2%) in O . semicastrata . According to EDTA analyses, the Gypsy -
ike long terminal r epeat r etr otr ansposon (LTR-RT) famil y r epr e-
ents the most abundant re petiti ve sequence, comprising 33.51%,
5.45%, and 27.73% of the genome assemblies for O. purpureiflora ,
 . emarginata , and O . semicastrata , r espectiv el y. 
Ov er all, a “complementary” pattern was observed in the den-

ity distributions of re petiti ve elements between their length pro-
ortions and numbers on the c hr omosomes in Ormosia , namely
wo types of distribution concentrated on different parts of the
ame c hr omosomes (Fig. 3 B). In numbers, a closer examination
 e v ealed that the types of Helitrons and terminal inverted re-
eats (TIRs) gener all y distributed dispar atel y fr om the types of
ypsy and unkno wn LTR-R Ts (Fig. 4 and Supplementary Fig. S4 ),
hereas the other LTR-R T type, Copia , w as generally evenly dis-

ributed along the c hr omosomes in Ormosia . 
Gene prediction identified 55,061 genes encoding 59,809 pro-

eins in O. purpureiflor a . F or O . emarginata and O . semicastrata , the

https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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Figure 4: Smoothing lines for gene and repeat density distributions (bin size, 100,000 bp) along c hr omosomes in Ormosia species. The repeat 
densities were measured by the number of each re petiti ve element. Scatterplots for the gene density and repeat distribution are presented in 
Supplementary Fig. S4 . Box sizes correspond to chromosome sizes in Ormosia species, whereas the black bars on the upper part of each box 
(c hr omosome) r epr esent the hot structur al r earr angement r egion in the c hr omosomes. 
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pr edictions r e v ealed 50,517 and 51,220 genes encoding 54,456 and 

55,363 pr oteins, r espectiv el y (T able 3 ). T able 3 also provides statis- 
tics on various gene features in the 3 species’ assemblies. Overall,
O. purpureiflora exhibited the lo w est av er a ge number of exons and 

introns per gene as well as the shortest average gene and CDS 
lengths. Appr oximatel y 70.81%, 76.43%, and 72.43% of protein- 
coding genes in O . purpureiflora , O . emarginata , and O . semicastrata ,
r espectiv el y, wer e functionall y annotated in at least one database 
(Table 3 ). Compar ativ el y low annotation r ates wer e also observ ed 

in other genomes, such as Senna tora (67.16%), Pisum sativum 

(72.70%), and Sesbania bispinosa (78.15%; Supplementary Table S6 ).
By contrast, higher annotation rates were reported in agricultur- 
ally important species such as Glycine max (99.03%), Cajanus cajan 
(98.97%), Cicer arietinum (98.84%), and Vigna unguiculata (98.55%), 
whose genomes have received greater research attention, con- 
tributing to more functional information in annotation databases. 
he low annotation rates in Ormosia species may be attributed to
he presence of novel genes with unknown functions, which are
ess r epr esented in the curr ent annotation databases. 

Gene prediction completeness, as assessed using BUSCO, in- 
icated a completeness score of 96.1% in O. purpureiflora (88.8%
omplete and single-copy, 7.3% complete but duplicated), with 

.5% fr a gmented and 2.4% missing genes . For O. emar ginata , the
 USCO anal ysis r e v ealed 95.1% completeness (88.6% complete
nd single-copy, 6.5% complete but duplicated), with 1.5% fr a g-
ented and 3.4% missing genes. In O. semicastrata , the complete-

ess score was 96.3% (89.6% complete and single-copy, 6.7% com-
lete but duplicated), with 1.4% fr a gmented and 2.3% missing
enes. 

OMArk e v aluations r eported a completeness scor e of 97.9%
or O. purpureiflora (67.0% single-copy, 30.0% duplicated), with 

.1% missing genes. Of the predicted genes, 60.4% were con-

https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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Table 3: Statistics of predicted genes for three Ormosia species a 

Species O . purpureiflor a O. emarginata O . semicastr ata 

Predicted gene information 
No. of protein-coding genes 55,061 50,517 51,220 
No. of mRNAs 59,809 54,456 55,363 
No. of exons 254,087 241,766 245,306 
No. of CDSs 242,624 232,457 235,681 
No. of 5 ′ UTRs 32,588 25,531 27,197 
No. of introns 193,432 186,540 189,213 
No. of 3 ′ UTRs 30,110 23,826 25,220 

Genes 
Av er a ge gene length (bp) 2,991.06 3,277.60 3,356.76 
Largest length of genes (bp) 423,361 494,687 267,325 
Minimum length of genes (bp) 141 153 153 
50% cum ulativ e length of genes (bp) 1,467 1,636 1,710 
90% cum ulativ e length of genes (bp) 7,312 7,422 7,533 

Exons in genes 
Av er a ge exons per gene 3.81 4.03 4.03 
Av er a ge exon length (bp) 226.87 218.64 222.94 
Largest length of exons (bp) 8,728 7,959 7,959 
Minimum length of exons (bp) 3 3 3 
50% cum ulativ e length of exons (bp) 159 149 151 
90% cum ulativ e length of exons (bp) 658 581 603 

Introns in genes 
Av er a ge intr ons per gene 2.81 3.03 3.03 
Av er a ge intr o length (bp) 757.16 790.41 811.46 
Largest length of introns (bp) 422,767 783,472 318,269 
Minimum length of introns (bp) 11 11 11 
50% cum ulativ e length of intr ons (bp) 229 234 246 
90% cum ulativ e length of intr ons (bp) 1,375 1,419 1,463 

CDS in genes 
Av er a ge CDS length (bp) 864.15 881.45 898.37 
Largest length of CDSs (bp) 16,359 15,351 16,323 
Minimum length of CDSs (bp) 141 150 144 
50% cum ulativ e length of CDSs (bp) 609 621 642 
90% cum ulativ e length of CDSs (bp) 1941 1953 1917 

Gene functional annotations using different databases 
dbCAN 1,671 1,538 1,596 
EggNOG 41,143 38,192 38,955 
KEGG 20,284 19,163 19,545 
GO 29,006 27,167 27,824 
InterPro 35,255 32,777 33,548 
MEROPS 1,335 1,269 1,292 
Pfam 28,007 26,150 27,091 
SignalP 4,143 3,778 3,952 
UniProt 9,517 8,988 9,234 
Total 42,348 39,147 40,100 

a Using all transcripts. 
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istent, 3.2% were inconsistent, and 36.39% are unknown
 Supplementary Table S7 ). For O. emarginata , OMArk indicated
7.1% completeness (67.0% single-copy, 30.0% duplicated), with
.9% missing; 62.8% consistent, 2.5% inconsistent, and 34.66%
nknown genes. For O. semicastrata , OMArk reported 98.1% com-
leteness (67.8% single-copy, 30.3% duplicated), with 1.9% miss-

ng, 62.8% consistent, 2.8% inconsistent, and 34.37% unknown
enes. No contamination was detected in the gene sets of any of
he 3 Ormosia species. Compared with other species, Ormosia ex-
ibited a higher proportion of duplicated and unknown genes and

o w er consistenc y. Similarl y high le v els of duplicated genes wer e
bserved in Ormosia ’s sister species, L. albus (37.77%), which may
e attributed to lineage-specific WGD events (see below the re-
ults in " Gene duplications, synteny, and structural variation anal-
sis " section). The low consistency scor es ar e likel y linked to the
igh proportion of unknown genes . T he high proportion of un-
nown genes in Ormosia may result from newly identified genes
hat lack homologs in OMArk’s r efer ence databases, r eflecting the
imited genomic information available for this lineage. A similar
rend of high unknown gene rates (39.07%) and low consistency
56.99%) in S. tora may also be explained by the same factor. 

The Ormosia genes sho w ed high matching rates with Fabaceae
 epr esentativ e genes ( Supplementary Table S8 ), ranging from
3.41% to 73.91%. These rates were only slightly lo w er than
hose observed for Medicago truncatula (75.68%) and Pisum sativum
75.36%), supporting the completeness of the predicted Ormosia
enes. 

According to InterPro functional annotation, we found that
ome photosynthesis-related genes were not annotated in O. pur-
ureiflora when compared with O . emarginata and O . semicastrata
 Supplementary Table S9 ). Specifically, the number of genes as-
ociated with Photosystem I PsaA/PsaB (IPR001280) in O. pur-

https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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pureiflora was 3, which was lower than the number of genes in 

O . emarginata (8) and O . semicastrata (9). In addition, the Inter- 
Pro database sho w ed the absence of annotation in several genes 
related to plant–pathogen interaction (EDS1-like, IPR044214), 
plant r epr oduction (DBP10, C-terminal, IPR012541), pyrimi- 
dine/n ucleotide metabolism (deo xyuridine triphosphate n ucleoti- 
dohydr olase, IPR008181; dUTP ase-like, IPR029054/IPR036157), r e- 
gener ation (Thior edoxin DCC1, IPR044691), seed matur ation pr o- 
tein 1 (SMP1, IPR044984), and nodulin (IPR003387) in O. purpurei- 
flora . 

Gene family 

A total of 47,608 gene families were identified using OrthoFinder.
In O. purpureiflora , 50,275 genes (91.3%) were assigned to 27,347 
gene families. Among these, 454 families were specific to O. pur- 
pureiflora ( Supplementary Table S10 ). The genes in these families 
wer e mainl y enric hed in pr ocesses suc h as endoplasmic r eticulum 

to Golgi v esicle-mediated tr ansport and non-membrane-bounded 

or ganelle assembl y in GO’s BP category ( Supplementary Table S11 ) 
and ribosome biogenesis in eukaryotes in the KEGG analysis 
( Supplementary Table S12 ). 

The phylogenetic tree (Fig. 3 C) indicated that O. purpureiflora 
was sister to O . emarginata and that Ormosia was sister to L . al- 
bus . The estimated div er gence time between O. purpureiflora and O .
emarginata was a ppr oximatel y 2.94 million years ago (95% CI: 1.19–
5.00), whereas the divergence time between Ormosia and Lupi- 
nus was 45.90 million years ago (95% CI: 32.66, 56.44). In O. pur- 
pureiflora , 1,020 gene families were expanded and 623 were con- 
tracted. Among these, the expansion and contraction were sig- 
nificant in 205 and 84 gene families ( P < 0.05). Significantly ex- 
panded gene families were mainly enriched in DNA integration 

and regulation of amino acid tr ansmembr ane tr ansport in GO’s 
biological process (BP) category ( Supplementary Table S13 ) and 

alkaloid, polyketide, and zeatin biosynthesis in the KEGG analy- 
sis ( Supplementary Table S14 ). The significantl y contr acted gene 
families were mainly associated with transcription by lipid trans- 
port and lipid localization in the GO’s BP category ( Supplementary 
Table S15 ) and with terpenoid biosynthesis in the KEGG analysis 
( Supplementary Table S16 ). 

The genes in the contracted gene families related to terpenoid 

biosynthesis wer e primaril y cytoc hr ome P450 (CYP450) genes,
whic h ar e r esponsible for downstr eam activities in the final ter- 
penoid products [ 108 , 109 ]. Ho w ever, terpenoids w ere mostly rep- 
resented by two conserved domains with Pfam IDs of PF01397 and 

PF03936 [ 110 ]. A comparison sho w ed that the O. purpureiflora as- 
sembly annotated 23 and 25 of these genes, slightl y fe wer than 

those in O. emarginata (31 and 26) and O. semicastrata (26 and 28).
Ne v ertheless, the number of genes in Ormosia species was m uc h 

higher than that in their sister species, L. albus (8 and 10). 

Gene duplica tions, synten y, and structur al 
v aria tion anal ysis 

WGD analysis indicated that O. purpureiflora has undergone 1 
WGD e v ent (Fig. 3 D), whic h was shar ed with the other 2 Ormosia 
species and L. albus . Ther efor e, this WGD e v ent is not specific 
to Ormosia but instead may be specific to the Genistoid lineage 
in Fabales [ 16 , 111 ]. Future studies, including ne wl y published 

Fabaceae genomes, will help confirm this hypothesis. 
Gene duplication analysis revealed that the 3 Ormosia species 

exhibited similar numbers of genes across different duplication 

types ( Supplementary Table S17 ). In O. purpureiflora , enrichment 
analysis sho w ed that WGD-duplicated genes w er e primaril y asso- 
iated with the processes related to calcium ion, blue light, flo w er,
nd de v elopment, and cytokinin biosynthetic pr ocess in the GO’s
P category ( Supplementary Table S18 ). In KEGG analysis, these
enes were linked to signaling proteins, glycosylphosphatidyli- 
ositol (GPI)-anc hor ed pr oteins, GTP-binding pr oteins, and SNARE

nter actions in v esicular tr ansport ( Supplementary Table S19 ).
andem-duplicated genes were mainly associated with phloem 

e v elopment, glutathione metabolic process, and the biosyn- 
hesis of monoterpenoid, anthoc y anin, zeatin, and flav onoid
 Supplementary Tables S20 and S21 ). Proximal-duplicated genes 
er e pr edominantl y involv ed in diterpenoid and triterpenoid
iosynthetic pr ocess, ar ginine biosynthetic pr ocess, phloem de-
elopment, and flavone and flavone biosynthesis ( Supplementary 
ables S22 and S23 ). These results were consistent with those of
 pr e vious study on O . emarginata and O . semicastrata by Liu et al.
 15 ], which sho w ed that tandem and proximal duplicated genes
er e r ele v ant to v arious (secondary) biosynthetic and metabolic
rocesses, including the biosynthesis of alkaloid, flavonoid, and 

erpenoid. 
Synten y anal ysis within Ormosia r e v ealed 48, 42, and 45 syn-

enic blocks in O. purpureiflora , O . emarginata , and O . semicastrata , re-
pectiv el y ( Supplementary Table S24 ). The longest syntenic blocks
dentified in these species were between c hr omosomes 2 and 3.
hese bloc ks measur ed 39,614,256 bp and contained 427 gene
airs in O. purpureiflora , 33,895,706 bp with 383 gene pairs in O .
marginata , and 36,266,649 bp with 424 gene pairs in O . semicas-
rata . The syntenic relationships were illustrated in a Circos plot
Fig. 3 B). 

Ov er all, the O. purpureiflora genome exhibited highly syntenic
elationships with the other two Ormosia genomes, as shown by
oth synten y anal ysis (Fig. 3 E) and dot plots ( Supplementary Fig.
5 ). Ho w e v er, further genetic v ariation anal ysis r e v ealed extensiv e
ntr ac hr omosomal r earr angements among the Ormosia species
Fig. 3 F). These r earr angements wer e primaril y concentr ated in
pecific “hot” c hr omosomal r egions, wher e the gene density was
ow, indicating unstable genome arc hitectur e in these regions,
hile gene-ric h r egions maintained a mor e conserv ed genome

tructure in Ormosia . 
O . semicastrata exhibited greater divergence from O. purpureiflora 

nd O . emarginata , as evidenced by the high unaligned proportions
52.36% unalignment with O. purpureiflora assembly and 50.54% 

nalignment with O . emarginata assembly) compared with lo w er
naligned proportions between O . emarginata and O. purpureiflora 

24.88% and 28.51%, r espectiv el y, Supplementary Table S25 ). Fur-
hermore, O. semicastrata exhibited fewer translocations and du- 
lications than O. purpureiflora and O. emar ginata . T hese findings
lign with those of our phylogeny analysis (Fig. 3 C) as well as pre-
ious r esults, whic h hav e r eported that O . emarginata and O . semi-
astrata belong to different clades [ 1 ]. Although O. purpureiflora was
ister to O . emarginata and thus in the same clade, the structural
 earr angements observ ed between O . emarginata and O . semicas-
rata were not preserved in O. purpureiflora . 

O. purpureiflora and O . emar ginata exhibited the largest in version
n Chromosome 1, spanning from 166,804,741 to 222,962,103 bp 

n O. purpureiflora and from 127,118,909 to 186,491,244 bp in
 . emarginata . Extensiv e duplications wer e also observ ed on

he same c hr omosome. Notabl y, a O. purpureiflora -specific in-
 erted r egion was identified on Chr omosome 2, spanning fr om
2,506,652 to 61,757,520 bp (Fig. 3 F and Supplementary Fig. S5 ),
hich was located a wa y from the rearrangement hot regions.
 his in v erted r egion was 9,250,868 bp in length and contained
77 genes . T he enric hment anal ysis of these genes r e v ealed
heir involvement in osmotic stress and temper atur e r egulation

https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
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 Supplementary Table S26 ), which may contribute to O. purpurei-
ora ’s adaptation to rocky environments (Fig. 1 F), thin soil lay-
rs (with low soil moisture content), and r elativ el y high ele v ation
400–750 m in altitude) [ 11 ]. 

dentification of nucleotide-binding leucine-rich 

epeat and other R genes 

ompared with other species in our phylogenetic analysis
Fig. 3 C), Ormosia species were found to have a higher number
f R genes ( Supplementary Table S27 ). For the nucleotide-binding
eucine-ric h r e peat (NLR) genes, their n umbers were 1,269–1,346
n 3 Ormosia species by the Intr epr o and Pfam databases search-
ng, and 276–298 by the Resistify pr ogr am. The r esults wer e higher
han those of 10–12 compared species. Ho w ever, when looking at
he percentages of the NLR genes in Ormosia , they were not high
n both databases searching and Resistify identifying results. 

Specifically, the number and percentage of NLR genes in the Or-
osia species were higher than those in the sister species L. albus .
o w e v er, in terms of the other R genes , L. albus displa yed a higher
umber and percentage than the Ormosia species. Among the Or-
osia species, O. purpureiflora had a higher number and percentage

f other R genes than O . emarginata and O . semicastrata . The distri-
ution of R genes across the c hr omosomes of each Ormosia species

s shown in Supplementary Fig. S6 . R genes were spread across all
 c hr omosomes, following a distribution pattern consistent with
he ov er all gene distribution in Ormosia species. 

ranscription factor 
dentified with PlantTFDB , Ormosia species had a higher number
f TF genes than all the other species in our phylogenetic analysis
Fig. 3 C), except for Glycine max , Sesbania bispinosa, Acacia pycnan-
ha , and their sister species L. albus . Ho w e v er, the percenta ge of
F genes in Ormosia species was r elativ el y low when compared
ith the species in the phylogen y, particularl y in O. purpureiflora

3.96%, the lo w est one; Supplementary Table S28 ). Detection with
r ansFacPr ed confirmed the high numbers but lo w per centage of
F genes in Ormosia . 

NP calling 

 he ra w SNPs called by NGSEP identified 37,875,127 loci, compris-
ng 24,941,612 SNPs and 12,933,515 InDels. After quality filtering
nd InDel r emov al, 358,992 SNPs wer e r etained. In total, 272,941
oci were identified as deviations from HWE and removed. Fur-
her LD filtering retained 40,146 loci. PCAdapt analysis indicated
hat five main components were suitable to account for popula-
ion structure, as shown in the Scree plot ( Supplementary Fig. S7 ).
CAdapt identified 5,814 outlier SNPs, whereas BayPass revealed
,097 candidate SNPs. Across both analyses, 109 SNPs were iden-
ified as outliers. By removing these outlier SNPs, 40,037 SNPs re-

ained as neutral loci for population genetics analyses. 

enetic di v ersity and genetic structure 

enetic div ersity anal yses in O. purpureiflora (sub)populations in-
icated that all (sub)populations displayed similar le v els of ge-
etic diversity, and LFS4 exhibited the highest genetic diversity

or 3 parameters ( Ho , He , and π ) (Table 1 ). Four (sub)populations
ho w ed close to zero Fis , indicating random mating status in
hem. Two (sub)populations, LFS1 and LFS4, displayed low neg-
tiv e Fis v alues, indicating excess heter ozygosity. T he o v er all Fst
as 0.107, suggesting r elativ el y high population differentiation.
ompared with O. henryi , a species more widely distributed in
outhern China, O. purpureiflora displayed lower genetic diversity
n the values of Ho and He , but not in π . For O. henryi , the genetic
iv ersity measur es wer e Ho : 0.228–0.287, He : 0.237–0.290, π : 0.122–
.143, and Fis : −0.023–0.022 in) [ 112 ]. 

Heterozygosity excess in plants may be attributed to se v er al
actors, including polyploidy, reproduction mode (such as out-
rossing, self-incompatibility systems, and clonal growth), demo-
r a phic history (suc h as population bottlenec ks), and natur al se-
ection (e.g., the overdominant phenomenon, where heterozygous
ndividuals have high surviv al r ates) [ 113–120 ]. O. purpureiflora is
 diploid species, as mentioned earlier. Its flo w ers are insect-
ollinated, exhibiting a typical outcrossing re producti ve system.
iven the small size of its populations, the limited reproduc-

ion among individuals reduces the likelihood of inbreeding and
eads to a decrease in inbred offspring. T herefore , the reproduc-
ive system may favor heterozygous individuals in the population.
. purpureiflora also r epr oduces asexuall y thr ough suc kering [ 11 ],
hich contributes to the observed heterozygosity excess in some

sub)populations. Ho w e v er, the effects of other factors, such as a
istorical bottleneck, cannot be overlooked and warrant further

nvestigation. 
PCA r e v ealed that the first principal component gener all y di-

ided LFS4 from the other (sub)populations (Fig. 2 B). The second
rincipal component further separated NKS from the others . T he
hird principal component indicated the div er gence in some LFS5
ndividuals . In the ADMIXTURE analysis , the cr oss-v alidation (CV)
rr or decr eased consistentl y fr om K = 1 to K = 6 ( Supplementary
ig. S8 ), but from K = 4 onw ar d, the decrease slo w ed do wn. There-
ore, K = 4 was identified as the optimal number of genetic groups.
iven the limited number of (sub)populations in O. purpureiflora ,

he present study reports the results for K = 2 to K = 6 (Fig. 2 C).
hen K = 2, individuals in LFS4 were separated from the others.

t K = 3, individuals in NKS were further separated. At K = 4, LFS5
as separated as a distinct group. When K was increased further,
FS2 was separated from the others and extensive admixture was
bserved in all LFS (sub)populations. Both PCA and ADMIXTURE
nalyses highlighted the distinctiveness of LFS4, although the rea-
ons for this distinctiveness remain unclear. 

onclusion 

abaceae play a crucial role in biological nitrogen fixation and
erve as a source of nutrition for wild fauna, contributing to the
ealth and balance of ecosystems . T he same holds true for Or-
osia species. Pr e vious studies hav e shown that Ormosia species

r e ric h in secondary metabolites , including alkaloids , terpenes ,
nd fla vonoids , whic h warr ant further explor ation, particularl y
rom a genomic perspective . T he genomes of the two previous Or-
osia species and the current O . purpureiflora genome indicate that

enes involved in the biosynthesis of these metabolites are often
ound in tandem duplications , proximal duplications , or are ex-
anded. The association between gene distribution and repeats
uggests that these repeats play a role in gene duplication, high-
ighting the need for future research on this topic. T hus , the high-
uality Ormosia genomes serve as a valuable resource for under-
tanding the efficiency of metabolite biosynthesis and identifying
otentiall y useful c hr omosome r egions (suc h as syntenic r egions
nd structural rearrangements) for future study. 

dditional Files 

upplementary Table S1: Protein sequences of the species used
or gene prediction. 
upplementary Table S2: Species used for compar ativ e genomics.

https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data
https://academic.oup.com/gigascience/article-lookup/doi/10.1093/gigascience/giaf047#supplementary-data


Chromosome-scale assemblies of three Ormosia species | 13 

 

 

 

S  

r  

p
S  

m
S
S  

t

F
T  

o
D  

a
P  

P
P  

r
t  

2

D
R  

R  

W  

S
r
R
f  

r  

i
o
o
o
o
L  

S  

S  

S
r  

u  

G
O  

s  

a  

d  

e

C
T

R
1  

 

 

Supplementary Table S3: Species pairs and their estimated di- 
v er gence times used for time calibration points to infer time- 
calibr ated phylogen y of O. purpureiflora . 
Supplementary Table S4: nQuir e r esults for the ploidy le v el as- 
sessment in Ormosia species. 
Supplementary Table S5: Repeat contents in Ormosia assemblies. 
Supplementary Table S6: Summary of gene functional annota- 
tions of the O. purpureiflora assembly performed using different 
databases. 
Supplementary Table S7: OMArk gene quality assessment. 
Supplementary Table S8: Number of the genes matching to rep- 
r esentativ e genes in Fabaceae . 
Supplementary Table S9: Comparison of gene number in part of 
the InterPro accesssion among 3 Ormosia species. 
Supplementary Table S10: Summary of gene families. 
Supplementary Table S11: GO enric hment r esults for specific 
gene families in O. purpureiflora . 
Supplementary Table S12: KEGG enric hment r esults for specific 
gene families in O. purpureiflora . 
Supplementary Table S13: GO enric hment r esults for signifi- 
cantly expanded gene families in O. purpureiflora . 
Supplementary Table S14: KEGG enric hment r esults for signifi- 
cantly expanded gene families in O. purpureiflora . 
Supplementary Table S15: GO enric hment r esults for siginfi- 
cantl y contr acted gene families in O. purpureiflora . 
Supplementary Table S16: KEGG enric hment r esults for signifi- 
cantl y contr acted gene families in O. purpureiflora . 
Supplementary Table S17: Number of different gene duplication 

in Ormosia . 
Supplementary Table S18: GO enric hment r esults for O. purpurei- 
flora WGD genes. 
Supplementary Table S19: KEGG enric hment r esults for O. pur- 
pureiflora WGD genes. 
Supplementary Table S20: GO enric hment r esults for tandem- 
duplicated genes in O. purpureiflora . 
Supplementary Table S21: KEGG enric hment r esults for tandem- 
duplicated genes in O. purpureiflora . 
Supplementary Table S22: GO enric hment r esults for pr oximal- 
duplicated genes in O. purpureiflora . 
Supplementary Table S23: KEGG enric hment r esults for 
proximal-duplicated genes in O. purpureiflora . 
Supplementary Table S24: Syntenic bloc k anal ysis r esults for Or- 
mosia species. 
Supplementary Table S25: Structur al v ariations between the Or- 
mosia species. 
Supplementary Table S26: GO enric hment r esults for O. purpurei- 
flora specific inversion on Chromosome 2. 
Supplementary Table S27: R genes in the species. 
Supplementary Table S28: Summary of transcription factor 
genes in Ormosia species r elativ e to those in the other species. 
Supplementary Figure S1: Schematic showing the steps of merg- 
ing repeats measured in RED and EDTA. 
Supplementary Figure S2: Chr omosome numbers observ ed in O.
purpureiflora (scale bar, 10 μm). 
Supplementary Figure S3: Genome size estimation using 
GenomeScope. 
Supplementary Figure S4: Gene and repeat number density (bin 

size, 100,000 bp) along c hr omosomes in Ormosia species . T he 
smoothing line is added for each density distribution by the 
geom_smooth() function in the ggplot2 pr ogr am of the R pac ka ge.
Box sizes correspond to chromosome sizes in the Ormosia species.
upplementary Figure S5: Dot plots among 3 Ormosia species . T he
 ed arr ow indicates a specific inversion on Chromosome 2 of O.
urpureiflora . 
upplementary Figure S6: Distribution of R genes on eac h c hr o-
osome in the 3 Ormosia species. 

upplementary Figure S7: Scree plot from PCAdapt. 
upplementary Figure S8: Cr oss-v alidation err or plot of admix-
ur e anal ysis. 

unding 

he study is supported by the Guangdong Science and Technol-
gy Plan Project (2023A1111110001), the Key-Area Research and 

e v elopment Pr ogr am of Guangdong Pr ovince (2022B1111230001)
nd its sub-project (2022B1111230001-2-5), the Guangdong 
r ovincial For estry Bur eau Pr oject—Planning of the Pr ovincial
lant Ex Situ Protection System and National Key Protected 

lant Ex Situ Protection and Pr opa gation, the National Natu-
al Science Foundation of China (no. 32370406,31970188), and 

he Guangdong Science and Technology Plan Project (grant no.
023B1212060046). 

a ta Av ailability 

aw sequenced reads have been uploaded to the NCBI Sequence
ead Arc hiv e under accession numbers SRR24060960 for short
GS reads, SRR24061088 and SRR24061087 for long WGS reads,

RR24085385 for ultra-long WGS reads, SRR24112497 for Hi-C 

eads, SRR24044811 for fruit RNA-seq reads, SRR24044812 for seed 

NA-seq reads, SRR24085891 for leaf RNA-seq reads, SRR24085890 
or flo w er RN A-seq reads in O. purpureiflora ; SRR25460826 for Hi-C
eads of O. emarginata ; SRR25460825 for Hi-C reads for O. sem-
castrata ; SRR29820911–SRR29820936 for resequencing reads 
f LFS1, SRR29824870–SRR29824895 for resequencing reads 
f LFS2, SRR29837260–SRR29837285 for resequencing reads 
f LFS3, SRR29856316–SRR29856341 for resequencing reads 
f LFS4, SRR29887191–SRR29887216 for resequencing reads of 
FS5, SRR29761002–SRR29761004, SRR29761010–SRR29761017,
RR29761028–SRR29761030, SRR29761107, SRR29761108,
RR29761114, SRR29761115, SRR29761118, SRR29761123,
RR29761124, SRR29761126, SRR29761139 for resequencing 
eads of NKS in O. purpureiflora . Assembled genomes are available
nder accession numbers GCA_040955955.1 for O. purpureiflora ,
CA_029884595.2 for O. semicastrata , and GCA_029884605.2 for 
. emar ginata . Annotations , SNPs , and the other files have been
ubmitted to figshare [ 122 ]. All additional supporting data are
vailable in the GigaScience repository, GigaDB [ 123 ], with separate
atasets for O. purpureiflora [ 124 ], O. semicastrata [ 125 ], and O.
marginata [ 126 ]. 

ompeting Interests 

he authors declare that they have no competing interests. 

eferences 

. Torke BM, Cardoso D, Chang H, et al. A dated molecular phy-
logen y and biogeogr a phical anal ysis r e v eals the e volutionary
history of the tr ans-P acificall y disjunct tr opical tr ee genus Or-
mosia (Fabaceae). Mol Phylogenet Evol. 2022;166:107329. https: 
// doi.org/ 10.1016/ j.ympev.2021.107329 . 

https://doi.org/10.1016/j.ympev.2021.107329


14 | GigaScience , 2025, Vol. 14 

2  

 

3  

 

 

4  

 

 

5  

 

6  

 

 

7  

 

 

8  

 

9  

 

 

 

1  

 

 

1  

 

 

1  

 

 

1  

 

1  

 

1  

 

 

1  

 

 

 

1  

 

1  

 

 

 

1  

 

 

2  

2  

 

2  

 

2  

 

2  

 

 

2  

 

 

2  

2  

 

 

2  

2  

 

3  

 

3  

 

 

3  

 

 

3  

3  

3  

 

 

3  

 

 

. Niu M, Jiang K-W, Song Z-Q, et al. Two new synonyms of Or-
mosia semicastrata (Fabaceae, P a pilionoideae, Ormosieae). Phy-
totaxa. 2023;613(2):140–52. https:// doi.org/ 10.11646/phytotaxa 
.613.2.3 .

. Wang Z, Shi G, Sun B, et al. A new species of Ormosia (Legu-
minosae) from the Middle Miocene of Fujian, Southeast China
and its biogeogr a phy. Re v P alaeobot P al ynol. 2019;270:40–47.
https:// doi.org/ 10.1016/ j.revpalbo.2019.07.003 .

. Li L, Lei M, Wang H, et al. First report of dieback caused by La-
siodiplodia pseudotheobromae on Ormosia pinnata in China. Plant
Dis. 2020;104:2551–55. https:// doi.org/ 10.1094/ PDIS- 03- 20- 064
7-RE .

. W ei L, W ang G, Xie C. Predicting suitable habitat for the endan-
ger ed tr ee Ormosia microphylla in China. Sci Rep. 2024;14:10330.
https:// doi.org/ 10.1038/ s41598- 024- 61200- 5 .

. Zhang L-J, Zhou W-J, Ni L, et al. A r e vie w on c hemical con-
stituents and pharmacological activities of Ormosia . Chin Tra-
dit Herbal Drugs. 2021;52(14):4433–42. https:// doi.org/ 10.7501/
j.issn.0253-2670.2021.14.035 .

. Zhou Q-Q, Xie X-Y, Zhu J-W, et al. Hosimosines A-E, struc-
tur all y div erse cytisine deriv ativ es fr om the seeds of Ormosia
hosiei Hemsl. et Wils. Fitoter a pia. 2023;170:105661. https://doi.
org/ 10.1016/ j.fitote.2023.105661 .

. Zhou W, Quan Y, Chen Y, et al. A ne w lignan fr om leav es of
Ormosia xylocarpa . Rec Nat Prod. 2023;17(1):189–94. https://doi.
or g/10.25135/r np.338.2203.2386 .

. Wang J, Li L, Wang Z, et al. Integr ativ e anal ysis of the
metabolome and transcriptome reveals the molecular regula-
tory mechanism of isoflavonoid biosynthesis in Ormosia henryi
Prain. Int J Biol Macromol. 2023;246:125601. https:// doi.org/ 10
.1016/j.ijbiomac.2023.125601 .

0. W ang J, W ang X, Deng X, et al. Analysis of candidate genes for
terpene synthesis in Ormosia henryi based on metabolome and
transcriptome. J Zhejiang A&F Univ. 2023;40(5):970–81. https:
// doi.org/ 10.11833/j.issn.2095-0756.2022073 .

1. Yu E-P. Preliminary study on conservation ecology of the rare
and endemic plant Ormosia pur pur eiflor a to Guangdong. Mas-
ter’s thesis. Beijing: University of Chinese Academy of Sciences;
2024.

2. Tang J, Zou R, Wei X, et al. Complete c hlor oplast genome se-
quences of five Ormosia species: molecular structure, com-
par ativ e anal ysis, and phylogenetic anal ysis. Horticultur ae.
2023;9(7):796. https:// doi.org/ 10.3390/ horticulturae9070796 .

3. Wang Z-F, Yu E-P, Zeng QS, et al. The complete c hlor oplast
genome of Ormosia purpureiflora (Fabaceae). Mitochondrial DNA
B. 2012;6(12):3327–28. https:// doi.org/ 10.1080/ 23802359.2021. 
1994901 .

4. Wang Z-F, Zhang Y, Zhong X-J, et al. The complete mito-
chondrial genome of Ormosia boluoensis . Mitochondrial DNA B.
2021;6(8):2109–11. https:// doi.org/ 10.1080/ 23802359.2021.1920 
503 .

5. Liu P-P, Yu E-P, Tan Z-J, et al. Genome assemblies of two Ormosia
species: gene duplication related to their e volutionary ada p-
tation. Agronomy. 2023;13:1757. https:// doi.org/ 10.3390/ agrono
my13071757 .

6. Zhao Y, Zhang R, Jiang K-W, et al. Nuclear phylotranscrip-
tomics and phylogenomics support numerous polyploidization
e v ents and hypotheses for the evolution of rhizobial nitrogen-
fixing symbiosis in Fabaceae. Mol Plant. 2021;14(5):748–73. http
s:// doi.org/ 10.1016/ j.molp.2021.02.006 .

7. Delahaye C, Nicolas J. Sequencing DNA with nanopor es: tr ou-
bles and biases. PLoS One. 2021;16(10):e0257521. https://doi.or
g/ 10.1371/ journal.pone.0257521 .
8. Wang Z-F, Rouard M, Droc G, et al. Genome assembly of Musa
beccarii shows extensiv e c hr omosomal r earr angements and
genome expansion during evolution of Musaceae genomes. Gi-
gaScience. 2023;12:giad005. https:// doi.org/ 10.1093/ gigascienc
e/giad005 

9. Wang Z-F, Fu L, Yu E-P, et al. Chr omosome-le v el genome
assembl y and demogr a phic history of Euryodendron excel-
sum in monotypic genus endemic to China. DNA Res.
2024;31(1):dsad028. https:// doi.org/ 10.1093/ dnares/dsad028 .

0. Oxford Nanopore’s Basecaller. https://github.com/nanoporetec
h/dorado . Accessed 15 August 2023.

1. Joshi NA, Fass JN. Sic kle: a sliding-window, ada ptiv e, quality-
based trimming tool for FastQ files (version 1.33). 2011; https:
//github.com/najoshi/sickle . Accessed 3 September 2021.

2. Długosz M, Deorowicz S. RECKONER: read error corrector based
on KMC. Bioinformatics. 2017;33:1086–89. https:// doi.org/ 10.1
093/bioinformatics/btw746 .

3. Marçais G, Kingsford C. A fast, loc k-fr ee a ppr oac h for efficient
parallel counting of occurrences of k-mers. Bioinformatics.
2011;27:764–70. https:// doi.org/ 10.1093/ bioinformatics/btr011 .

4. Vurtur e GW, Sedlazec k FJ, Nattestad M, et al. GenomeScope:
fast r efer ence-fr ee genome pr ofiling fr om short r eads. Bioinfor-
matics. 2017;33:2202–04. https:// doi.org/ 10.1093/ bioinformati
cs/btx153 .

5. Weiß CL, Pais M, Cano LM, et al. nQuir e: a statistical fr ame-
work for ploidy estimation using next generation sequencing.
BMC Bioinform. 2018;19:122. https:// doi.org/ 10.1186/ s12859-0
18- 2128- z .

6. Por ec hop v. 0.2.4. https:// github.com/rrwick/ Por ec hop/release
s/ tag/ v0.2.4 . Accessed 8 January 2019.

7. Hu J, Wang Z, Sun Z, et al. NextDenovo: an efficient error
correction and accurate assembly tool for noisy long reads.
Genome Biol. 2024;25:107. https:// doi.org/ 10.1186/ s13059-024
- 03252- 4 .

8. Pseudoha ploid. https://github.com/sc hatzlab/pseudoha ploid .
Accessed 28 August 2020.

9. Guan DF, McCarthy SA, Wood J, et al. Identifying and re-
moving haplotypic duplication in primary genome assemblies.
Bioinformatics. 2020;36:2896–98. https:// doi.org/ 10.1093/ bioinf 
ormatics/btaa025 .

0. Vaser R, Sovi ́c I, Na gar ajan N, et al. Fast and accurate de novo
genome assembl y fr om long uncorr ected r eads. Genome Res.
2017;27(5):737–46. https:// doi.org/ 10.1101/ gr.214270.116 .

1. Aury JM, Istace B. Ha po-G, ha plotype-awar e polishing of
genome assemblies with accurate reads. NAR Genom Bioin-
form. 2021;3(2):lqab034. https:// doi.org/ 10.1093/ nargab/lqab0
34 .

2. Wick RR, Holt KE. Polypolish: short-read polishing of long-
read bacterial genome assemblies. PLoS Comput Biol.
2022;18(1):e1009802. https:// doi.org/ 10.1371/ journal.pcbi.1
009802 .

3. Depthc har ge v. 0.2.0. https://github.com/slimsuite/depthc har
ge . Accessed 28 January 2023.

4. Scaffhic v. 1.1. https://github.com/wtsi-hpag/scaffHiC . Ac-
cessed 7 December 2022.

5. Durand NC, Shamim MS, Machol I, et al. J uicer pro vides a one-
click system for analyzing loop-resolution Hi-C experiments.
Cell Syst. 2016;3(1):95–98. https:// doi.org/ 10.1016/ j.cels.2016.07
.002 .

6. Dudc henk o O, Batr a SS, Omer AD, et al. De novo assembly of the
Aedes aegypti genome using Hi-C yields chromosome-length
scaffolds . Science . 2017;356(6333):92–95. https:// doi.org/ 10.112
6/science.aal3327 .

https://doi.org/10.11646/phytotaxa.613.2.3
https://doi.org/10.1016/j.revpalbo.2019.07.003
https://doi.org/10.1094/PDIS-03-20-0647-RE
https://doi.org/10.1038/s41598-024-61200-5
https://doi.org/10.7501/j.issn.0253-2670.2021.14.035
https://doi.org/10.1016/j.fitote.2023.105661
https://doi.org/10.25135/rnp.338.2203.2386
https://doi.org/10.1016/j.ijbiomac.2023.125601
https://doi.org/10.11833/j.issn.2095-0756.2022073
https://doi.org/10.3390/horticulturae9070796
https://doi.org/10.1080/23802359.2021.1994901
https://doi.org/10.1080/23802359.2021.1920503
https://doi.org/10.3390/agronomy13071757
https://doi.org/10.1016/j.molp.2021.02.006
https://doi.org/10.1371/journal.pone.0257521
https://doi.org/10.1093/gigascience/giad005
https://doi.org/10.1093/dnares/dsad028
https://github.com/nanoporetech/dorado
https://github.com/najoshi/sickle
https://doi.org/10.1093/bioinformatics/btw746
https://doi.org/10.1093/bioinformatics/btr011
https://doi.org/10.1093/bioinformatics/btx153
https://doi.org/10.1186/s12859-018-2128-z
https://github.com/rrwick/Porechop/releases/tag/v0.2.4
https://doi.org/10.1186/s13059-024-03252-4
https://github.com/schatzlab/pseudohaploid
https://doi.org/10.1093/bioinformatics/btaa025
https://doi.org/10.1101/gr.214270.116
https://doi.org/10.1093/nargab/lqab034
https://doi.org/10.1371/journal.pcbi.1009802
https://github.com/slimsuite/depthcharge
https://github.com/wtsi-hpag/scaffHiC
https://doi.org/10.1016/j.cels.2016.07.002
https://doi.org/10.1126/science.aal3327


Chromosome-scale assemblies of three Ormosia species | 15 

 

 

 

 

 

 

5  

 

 

5  

 

 

5  

 

5  

 

6

6  

 

6  

 

6  

6
 

6  

 

6  

6  

 

6  

 

 

6  

 

7  

 

7  

7
 

 

7  

 

37. Xu M, Guo L, Gu S, et al. TGS-Ga pCloser: a fast and accur ate 
gap closer for large genomes with low coverage of error-prone 
long reads. Gigascience. 2020;9(9):giaa094. https:// doi.org/ 10.1 
093/ gigascience/ giaa094 .

38. Pryszcz LP, Gabaldón T. Redundans: an assembly pipeline 
for highl y heter ozygous genomes. Nucleic Acids Res.
2016;44(12):e11. https:// doi.org/ 10.1093/ nar/ gkw294 .

39. Teloclip v. 0.0.3. https://github.com/Adamtaranto/teloclip . Ac- 
cessed 28 March 2023.

40. Se ppe y M, Manni M, Zdobnov EM. BUSCO: assessing genome 
assembly and annotation completeness. Methods Mol Biol. 
2019;1962:227–45. https:// doi.org/ 10.1093/ bioinformatics/btv 
351 .

41. Rashid U, Wu C, Shiller J, et al. AssemblyQC: a Nextflow pipeline 
for r epr oducible r eporting of assembly quality. Bioinformatics.
2024;40(8):btae477. https:// doi.org/ 10.1093/ bioinformatics/bta 
e477 .

42. Zhang Y, Lu H-W, Ruan J. GAEP: a compr ehensiv e genome as- 
sembl y e v aluating pipeline. J Genet Genomics. 2023;50(10):747–
54. https:// doi.org/ 10.1016/ j.jgg.2023.05.009 .

43. Ou S, Chen J, Jiang N. Assessing genome assembly quality using 
the LTR Assembly Index (LAI). Nucleic Acids Res. 2018;46(21): 
e126. https:// doi.org/ 10.1093/ nar/ gky730 .

44. Rhie A, Walenz BP, Koren S, et al. Merqury: r efer ence-fr ee qual- 
ity, completeness, and phasing assessment for genome assem- 
blies. Genome Biol. 2020;21:245. https:// doi.org/ 10.1186/ s13059 
- 020- 02134- 9 .

45. Ou S, Su W, Liao Y, et al. Benchmarking transposable element 
annotation methods for creation of a str eamlined, compr ehen- 
sive pipeline. Genome Biol. 2019;20:275. https:// doi.org/ 10.118 
6/s13059- 019- 1905- y .

46. Girgis HZ. Red: an intelligent, rapid, accurate tool for detect- 
ing repeats de-novo on the genomic scale. BMC Bioinform.
2015;16(1):227. https:// doi.org/ 10.1186/ s12859- 015- 0654- 5 .

47. Quinlan AR, Hall IM. BEDTools: a flexible suite of utilities for 
comparing genomic features . Bioinformatics . 2010;26(6):841–
42. https:// doi.org/ 10.1093/ bioinformatics/btq033 .

48. Gu Z, Gu L, Eils R, et al. circlize implements and enhances 
circular visualization in R. Bioinformatics. 2014;30(19):2811–12. 
https:// doi.org/ 10.1093/ bioinformatics/btu393 .
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