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. The genus Cercis L., at the base of the subfamily Cercidoideae of Fabaceae, is known for its ecological

: adaptability and significant medicinal, ornamental, and economic value. However, the lack of a high-
quality genome hinders the understanding of the evolution of Cercis and Fabaceae. In this study, we
present a chromosome-level genome of Cercis chuniana by combining lllumina short reads, PacBio
HiFilong reads, and Hi-C data. The final genome size is 355.53 Mb, consisting of 12 contigs with a N50
of 42.34 Mb. Notably, 344.24 Mb, corresponding to 96.82% of the genome, was anchored to seven
chromosomes. The assembly comprises 24.83% repetitive sequences, including 19.32% long terminal
repeats. Additionally, a total of 33,837 protein-coding genes were predicted in the genome, with 32,709
(96.67%) genes successfully annotated. The high-quality genome assembly of C. chuniana not only
bridges the existing gap in genomic data and offers important resources for molecular studies of this
species, but also provides essential insights for future studies on speciation, functional and comparative
genomics within the Fabaceae family.

Background & Summary

The Fabaceae family is the third-largest family of angiosperms, comprising approximately 770 genera and 19,500
species, which are globally distributed and adapted to diverse ecological environments'. Fabaceae plants pos-
sess considerable economic importance, being widely used in food, medicine, fodder, timber, industry, and soil
stabilization®=. In recent years, advances in sequencing technology have significantly accelerated phylogenetic
and genomic research in Fabaceae>®!°.

Cercis L., an important genus within the Fabaceae family, comprises nine species known for their ornamental

. and medicinal value'"'2. Cercis species are widely distributed across temperate and subtropical regions, adapting

© to various ecological environments and exhibiting unique morphological characteristics'>. Consequently, Cercis

. has become one of the most popular choices for ornamental landscaping. However, despite their medicinal and

. horticultural significance, genomic research on Cercis is relatively limited, with only a few species having their

© genomes sequenced to date®'’. Among these species, C. chuniana, a small tree or shrub occurring in subtropical
evergreen broadleaved forest, shows an asymmetrical leaf blade!*!>, which makes it easily identified morpholog-
ically. Based on phylogenetic reconstruction, all sampled populations of C. chuniana form a monophyletic clade
and is distinguished as one of the earliest diverging species in the Cercis genus'®!”. Therefore, both morpholog-
ical and phylogenetic evidence showed that C. chuniana is a well-resolved species!'’. Given its morphological
distinctiveness and phylogenetic position, a comprehensive genomic analysis of C. chuniana is essential for
understanding its evolutionary history and speciation processes.

To facilitate phylogenetic and speciation studies of C. chuniana, a chromosome-scale genome was produced
using Illumina short-reads, PacBio long-reads, and Hi-C sequencing data. A contig-level genome assembly con-
sists of 12 contigs with an N50 of 42.34 Mb. After Hi-C scaffolding, seven scaffolds were obtained with an N50
0f 49.72 Mb, representing a substantial improvement over the published genome®!°, which had N50 of 421.03kb
and 47.43 Mb, respectively. These seven scaffolds were anchored to seven chromosomes, spanning 344.24 Mb
and corresponding to 96.82% of the assembled sequences. The genome comprises 24.83% repetitive sequences,
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Fig. 1 Genome survey of Cercis chuniana based on the Kmer distribution analysis using a Kmer size of 19.
The horizontal axis represents the Kmer depth, while the vertical axis represents the corresponding number of
Kmers at each depth.

and 33,837 protein-coding genes, of which 32,709 (96.67%) were functionally annotated. This high-quality
genome assembly offers a valuable resource for molecular studies of C. chuniana, providing foundational data
for future studies in speciation, functional genomics, and comparative genomics within the Fabaceae family.

Methods

Sample collection and DNA sequencing. Fresh, young leaves of Cercis chuniana were collected from
Dadongshan Nature Reserve, Qingyuan, Guangdong, China (24°55'42" N, 112°43/41” E), and quickly flash-fro-
zen in liquid nitrogen for several hours. Then, the samples were stored in a —80 °C freezer before being sent to
Novogene Corporation (Tianjin, China) for sequencing. A voucher specimen of C. chuniana was stored at the
herbarium of College of Life Sciences, South China Agriculture University (SCAUB), with a voucher number of
MX221002. Total genomic DNA was extracted from the frozen leaves using CTAB method'® and was purified
using phenol/chloroform/ isoamyl alcohol mixture to remove protein contaminants. The DNA was then precipi-
tated, washed with ethanol, and resuspended in TE buffer for genome sequencing.

Library construction and genome sequencing. For Illumina sequencing, a library with a
short-fragment size of 350 bp was prepared using the Covaris ultrasonicator. The DNA fragments were further
treated with end repair, A-tailing, adapter ligation, purification, and PCR amplification. The prepared library was
sequenced on an Illumina NovaSeq 6000 platform (Illumina, USA) to generate 150-bp paired-end (PE150) reads.

For PacBio HiFi sequencing, the purified DNA samples were randomly fragmented with a Covaris ultrason-
icator into 15-18 kb sequences. These DNA fragments were enriched and purified using magnetic beads. After
damage and end repair of the DNA fragments, stem-loop sequencing adapters were ligated to both ends of frag-
ments. After quality control checks, the constructed libraries were used for PacBio HiFi sequencing.

Hi-C library preparation and sequencing followed the protocol of Belton et al.'’ with minor modifications.
Cells were treated with paraformaldehyde to fix the DNA conformation, and the DNA was then digested with
the restriction enzyme DPN II (GATC) to produce sticky ends. After end repair, purification, and adaptor
ligation, the Hi-C library was sequenced on the Illumina NovaSeq 6000 platform (Illumina, USA). In total,
105.68 Gb of sequencing data was generated, including 20.92 Gb (58.84 x) of Illumina reads, 14.78 Gb (41.57 %)
of PacBio HiFi reads, 48.99 Gb (137.79x) of Hi-C data, and 20.99 Gb of transcriptome data. The PacBio HiFi
long reads had a scaffold N50 of 17.83 kb, with an average length of 17.91kb.

Genome size estimation. The genome size of C. chuniana was estimated using a k-mer (k=19)
analysis-based approach with Illumina PE short reads. Jellyfish v2.1.4%° was employed to count k-mer in the
DNA sample. The GenomeScope (http://gb.cshl.edu/genomescope/) was then used to estimate the genome size.
A 19-mer analysis of the sequenced genome revealed that C. chuniana had a total genome size of 357 Mb with
0.05% heterozygosity (Fig. 1).

Genome assembly. Quality control of the raw Illumina data was performed using fasp?'. The quality con-
trol process involved filtering out reads containing adapter sequences, removing reads with more than 10% of
undetermined nucleotide bases, and excluding paired-end reads where either read contains more than 20% of
low-quality bases in the single-end sequencing read.
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Statistics
Number of contigs 12
Number of scaffolds 7
Genome size (bp) 355,533,734
Contig N50 (bp) 42,339,124
Scaffold N50 (bp) 49,715,743
Chromosome/total 7
GC content (%) 36.02%
Protein-coding gene 33,837

Table 1. Summary of the Cercis chuniana genome assembly.

Fig. 2 The genomic landscape of seven pseudochromosomes of Cercis chuniana. Circles from outside to inside:
A, seven super-scaffolds. Lengths are shown in Mb. B, gene number; C, GC content; D, repeat density; E, total
LTR density; E LTR-Copia density; G, LTR-Gypsy density.

The primary assembly of PacBio HiFi long reads was generated using Hiflasm v0.19.8% with the default
parameters. To eliminate heterozygous and redundant regions, BWA? and Purge_Dups v1.2.5* were used
with the parameters (“-s 70”). After conducting quality control, Hi-C reads were aligned to the assembly
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Type Length (bp) Percent of the genome (%)
DNAs 11,873,486 3.34

LINEs 3,682,585 1.04

SINEs 353,725 0.10

LTRs 68,678,540 19.32

Other 806 0.00023

Unknown 6,950,182 1.95

Total repeats 88,290,758 24.83

Table 2. Annotation of repeat elements in the Cercis chuniana genome. Abbreviations: DNAs, DNA elements;
LINEs, long interspersed nuclear elements; SINEs, short interspersed nuclear elements; LTRs, long terminal
repeats.

Total | Nr Swissprot | KEGG | COG TrEMBL | GO Overall
Number 33,837 | 31,704 23,187 24,095 23,715 31,374 17,569 32,709
Percentage 100% | 93.70% | 68.53% 71.21% | 70.09% | 92.72% 51.92% | 96.67%

Table 3. The genome functional annotation results of Cercis chuniana.

BUSCO Assessment Results
. Complete (C) and single-copy (S) . Complete (C) and duplicated (D)
Fragmented (F) . Missing (M)

%BUSCOs

BUSCO Assessment Results
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Fig. 3 BUSCO assessment results of the whole genome assembly in Cercis chuniana based on eudicots_odb10
database (a) and fabales_odb10 database (b). The number of complete (C) orthologs (including single-copy
(S) and duplicated (D) orthologs) fragmented (F) orthologs, and missing (M) orthologs for C. canadensis,

C. chinensis, and C. chuniana are shown in each bar.
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Fig. 4 Heat map of Hi-C assembly of Cercis chuniana. The scale bar represents the interaction frequency of
Hi-C links.

using Juicer v1.6%, and the primary contigs were anchored into chromosomes using 3D-DNA v1809222.
The contig assembly result was carefully reviewed, and any assembly errors were manually corrected
using Juicebox v2.20.00%. The completeness and contiguity of genome assemblies were evaluated using
the BUSCO v5.4.7?% and the LTR Assembly Index (LAI)?. The final genome assembly of the C. chuniana
achieved the chromosome-level assembly resolution, with a size of 355.53 Mb, consisting of 12 contigs and
seven scaffolds. The GC content of the assembly was 36.02%, with N50 sizes of 42.34 Mb for contigs and
49.72 Mb for scaffolds (Table 1; Fig. 2).

Genome annotation. For the annotation of repetitive elements in the C. chuniana genome, a de novo
annotated repetitive sequence database was created using RepeatScout v1.0.6*°, LTR_FINDER?®!, and
RepeatModeler v2.0.5* This database was then aligned with the genome using RepeatMasker v4.1.6** (http://
www.repeatmasker.org/RepeatMasker) to identify and mask repeat elements. Additionally, tandem repeats
were identified using Tandem Repeats Finder v4.0.9**, and RepeatMasker and RepeatProteinMask v4.1.6%
were used to identify above tandem repeats in the genome through homology-based alignment with the
RepBase database (http://www.girinst.org/repbase). The results from de novo prediction and homology-based
alignment were integrated, and the repetitive sequences were classified and statistically analyzed. The anal-
ysis revealed that approximately 24.83% of C. chuniana genome consists of repetitive elements, including
LTRs (19.32%), DNA transposons (3.34%), unclassified elements (1.95%), LINEs (1.04%), SINEs (0.10%),
and other elements (Table 2).

For protein-coding gene annotation in C. chuniana, gene regions were identified using Maker v2.31.8% based
on transcribed RNA, ab initio gene predictions, and homologous proteins. For the transcriptome-based gene
prediction, HISAT2 v2.2.1%7 was used to align RNA transcripts, and StringTie v2.1.6%® was employed to gen-
erate a genome-guided annotation files from RNA-seq alignment production. TransDecoder v5.7.1 (https://
github.com/TransDecoder/TransDecoder) was then employed to predict coding regions. Diamond v0.8.36%
was used to align sequences against the NR (Non-Redundant Protein Sequence), UniProt (Universal Protein),
and OrthoDB database, filtering for sequences with alignment consistency percentages above 0.8 and e-values
less than 1e—5.

For homology-based annotation, protein sequences from Arabidopsis thaliana, Bauhinia variegate, Cercis
chinensis, Cercis canadensis, Glycine max, Oryza sativa, and Trifolium pretense were aligned with the genome of
C. chuniana using Miniprot*’. The homology-based alignment files, transcriptome alignment files, and repet-
itive sequence annotations were integrated as evidence for ab initio gene prediction using the MAKER v2.31.8
pipeline®, SNAP v1.0*, Augustus v3.3.1*, and GeneMark*® were employed to perform ab initio gene prediction
based on Hidden Markov models. Subsequently, MAKER was run again to integrate the three sources of evi-
dence and generate a non-redundant set of gene models. In total, 33,837 protein-coding genes were annotated
in the C. chuniana genome (Table 1).

Functional annotation of the coding genes was conducted through homology-based searches against the
NCBI non-redundant (NR) protein database using BLASTP v2.2.28*. Furthermore, InterProScan 5.48-83.0%
and DIAMOND v2.0.8% (--evalue le-5--max-target-seqs. 5) were employed to assign functional annotations
based on Gene Ontology (GO), Kyoto Encyclopedia of Genes and Genomes (KEGG), clusters of orthologous
groups (COG), Swiss-Prot, and TrEMBL databases. As a result, a total of 32,709 genes (96.67% of the predicted
protein-coding genes) were functionally annotated, including 17,569 with GO terms, 24,095 with KEGG anno-
tations, 31,704 with NR protein hits, and 23,715 with COG classifications (Table 3).
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Data Records

All high-throughput sequencing data generated in this study have been deposited in the National Genomics
Data Center (NGDC) database under the project accession number PRJCA029422. The clean sequencing data
from the genome libraries are available in the Genome Sequence Archive (GSA) under the accession numbers
CRA018567 (HiFi), CRA018586 (HiC), and CRA018585 (RNA-seq)**~*%. The genome assembly has been depos-
ited in the NCBI under accession number JBPDIX000000000%. The annotation file is available from the figshare
archive®.

Technical Validation

The assembled genome of Cercis chuniana was evaluated using the BUSCO v5.4.7? with the eudicots_odb10 and
fabales_odb10 databases. Among the 1,614 core eudicot genes and 5,366 core Fabales genes, 98.70% (including
96.96% single-copy genes and 1.74% duplicated genes) and 95.04% (including 92.25% single-copy genes and
2.79% duplicated genes), respectively, were successfully identified in the C. chuniana genome. Compared with C.
canadensis and C. chinensis, C. chuniana exhibited a higher proportion of complete BUSCOs in both databases
(Fig. 3), indicating an improvement in assembly completeness. Furthermore, 96.82% of the Hi-C data were suc-
cessfully anchored to the seven pseudo-chromosomes, further validating the accuracy of the chromosome-level
assembly (Fig. 4). The organization of interaction contacts within and between chromosome regions was clearly
visualized in the Hi-C heatmap, providing additional support for the structural integrity of the assembly. In
addition, the final LTR Assembly Index (LAI) score was 18.57, suggesting that the assembly quality of C. chuni-
ana meets the standard for reference-grade genomes.

Code availability

No specific script was used in this study. The codes and pipelines used in data processing were all executed
according to the manuals and protocols of the published bioinformatics tools. The version and parameters of
software are described in the Methods section.
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