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Chromosome-level genome 
assembly of Phoebe chekiangensis, 
an endemic and endangered tree  
in east Asia
Ying-Feng Hu1 ✉, Ju Tang1, Xiao-Hong Li1, Zhi-Zhong Li2 & Jian-Wen Shao1,3 ✉

Phoebe chekiangensis is a rare nanmu species endemic to southeastern China that provides high-
quality timber and has ecological and economic importance. Genomic resources for this genus are 
limited, constraining research on its genetic diversity, adaptive evolution, and conservation. Here we 
report a chromosome-level reference genome of P. chekiangensis generated using PacBio HiFi long 
reads, MGI short reads, and Hi-C sequencing. The assembled genome spans 918.59 Mb with a scaffold 
N50 of 68.99 Mb, and 98.88% of sequences were anchored to 12 pseudochromosomes. Repetitive 
elements account for 49.45% of the genome. A total of 34,381 protein-coding genes were predicted, of 
which 91.91% were functionally annotated. Genome quality was supported by a QV of 44.96 (99.99% 
base accuracy), a BUSCO completeness of 98.4%, and an LAI score of 14.32, meeting reference-
quality standards. This high-quality genome provides a valuable resource for conservation genomics, 
evolutionary biology, and molecular breeding within Phoebe and the Lauraceae family.

Background & Summary
The genus Phoebe (Lauraceae) comprises more than 55 recognized species, mainly distributed across tropical 
and subtropical regions of Asia1. Members of this genus produce hard, fine-textured, and aromatic timber that 
has long been valued for construction, furniture making, and artisanal carving2,3. In addition, volatile aromatic 
compounds and diverse secondary metabolites derived from Phoebe species have been reported to exhibit phar-
macological activities, underscoring their economic and medicinal value4,5. Despite this importance, genomic 
studies of Phoebe remain scarce, with only the genome of P. bournei currently available2,6. The lack of genomic 
resources has limited both basic research and applied studies within this genus.

Phoebe chekiangensis C. B. Shang is a rare species endemic to southeastern China and a key source of 
high-value nanmu timber. Historically, it was widely employed in the construction and furnishing of imperial 
palaces, while its distinctive morphology also makes it suitable for ornamental planting7,8. However, natural 
populations have declined sharply due to environmental change, human disturbance, and poor natural regen-
eration9, leading to its designation as a Grade II species in the List of National Key Protected Wild Plants in 
China and Vulnerable in the IUCN Red list of threatened species10,11. Previous studies have primarily focused 
on its physiology, ecology, and population dynamics, whereas conservation genetics efforts have largely relied 
on conventional molecular markers, including simple sequence repeats (SSRs), inter-simple sequence repeats 
(ISSRs), and chloroplast DNA fragments10,12,13. Although plastome14 and transcriptome15 data are available, the 
absence of a reference genome has hindered systematic investigations of its genetic diversity, adaptive evolution, 
and conservation management.

Here, we present a chromosome-level reference genome of P. chekiangensis constructed using PacBio HiFi 
long reads, MGI short reads, and Hi-C sequencing. The assembled genome spans 918.58 Mb with a contig N50 
of 10.38 Mb (Table 1). Hi-C scaffolding anchored 98.88% of sequences to 12 pseudochromosomes, yielding a 
scaffold N50 of 68.99 Mb (Figs. 1A,2). This assembly shows markedly improved contiguity compared with the 
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published P. bournei genome2 (contig N50 = 5.64 Mb). Repetitive sequences account for 50.88% of the genome, 
with transposable elements comprising ~95.11% of the repeats (Table 1). A total of 34,381 protein-coding genes 
(PCGs) were predicted, of which 31,598 (91.91%) received functional annotations. This reference genome pro-
vides an essential resource for the conservation and sustainable utilization of P. chekiangensis and serves as a 
valuable foundation for evolutionary studies and molecular improvement within the genus Phoebe.

Methods
Sample collection.  In 2024, a healthy and wild individual of P. chekiangensis was collected from the 
type locality at West Lake, Hangzhou, Zhejiang, China (30.19°N, 120.09°E) for genome sequencing (Fig. 1B; 
Figure S1). Young leaves, mature leaves, stems, and fruits were sampled, immediately flash-frozen in liquid nitro-
gen, and transported on dry ice to Novogene Corporation (Tianjin, China) for sequencing. A voucher specimen 
was deposited in the Herbarium of Anhui Normal University (ANUB) under accession number ANUB100117 
(Figure S2).

Library construction and genome sequencing.  High-quality genomic DNA was extracted from fro-
zen young leaves of P. chekiangensis using a modified CTAB method16, and DNA concentration and purity were 
assessed with a NanoDrop spectrophotometer. Three sequencing libraries were prepared. First, a short-read 
library with an insert size of 300–500 bp was constructed using the MGIEasy FS DNA Library Prep Set and 
sequenced on the DNBSEQ-T7 platform, yielding ~118.37 Gb of clean data (Table S1). Second, a PacBio HiFi 
library was generated by randomly shearing high-molecular-weight DNA into 15–18 kb fragments, followed by 
SMRTbell library preparation and Circular Consensus Sequencing (CCS) on the PacBio Revio platform, produc-
ing ~45.53 Gb of HiFi reads with an N50 of 18.36 kb (Table S1). Third, a Hi-C library was constructed using the 
restriction enzyme DpnIII (GATC). After crosslink reversal, DNA was fragmented into 300–700 bp, and interact-
ing fragments were enriched and sequenced on the DNBSEQ-T7 platform (PE150), generating ~96.74 Gb of data 
for chromosome-scale scaffolding (Table S1).

In addition, total RNA was extracted from flash-frozen tissues of young leaves, mature leaves, stems, and 
fruits using the Plant Total RNA Isolation Kit (Sangon Biotech Co., China) following the manufacturer’s proto-
col. RNA-seq libraries were prepared with the NEBNext Ultra™ RNA Library Prep Kit for Illumina (NEB) and 
sequenced on the Illumina NovaSeq. 6000 platform, generating ~48.96 Gb of paired-end (PE150) clean data in 
total (Table S2).

Genome survey.  The genome size of P. chekiangensis was estimated using flow cytometry, with Zea mays 
(2.3 Gb) serving as the internal reference. Relative fluorescence intensity suggested that the genome size of P. chek-
iangensis was ~0.39 × that of maize (~0.90 Gb, Figure S3). In addition, ~118.37 Gb of short-read sequencing data 
were analyzed using Jellyfish v2.3.017 with k-mer = 19 to generate the k-mer frequency distribution, and genome 
characteristics were inferred with GCE v1.0.218, yielding an estimated genome size of 907 Mb, a heterozygosity 
rate of 2.33%, and a repeat content of 52.19% (Figure S4). Ploidy analysis performed with Smudgeplot v0.4.019 
indicated that P. chekiangensis is diploid, with the most frequent haplotype structure being ab (frequency = 0.82, 
Figure S5).

Genome assembly.  A total of 45.53 Gb (~50.59 × coverage) of PacBio HiFi reads were assembled using 
Hifiasm v0.25.0-r72620 with default parameters. Redundant and heterozygous regions were removed with Purge_
Dups v1.2.621, in which short reads were aligned to the assembly using BWA v0.7.17-r118822 to identify and 
eliminate duplicated sequences. Hi-C data were subsequently used to anchor the primary contigs onto 12 pseu-
dochromosomes with HapHiC v1.0.723 under default settings, and potential assembly or scaffolding errors were 

Genome assembly

Total scaffold length (bp) 918,593,100

Number of chromosome-level scaffolds 12

Longest scaffold (bp) 141,852,477

N50 of scaffold (bp) 68,986,285

Total contig length (bp) 918,578,000

Number of contigs 166

N50 of contig (bp) 10,378,288

GC content (%) 40.05

BUSCO completeness (genome mode) (%) 98.40%

LAI vaule 14.32

QV vaule 44.96

mapping rate(%) 98.07%

Genome annotation

Number of protein-coding genes 34,381

Repeats in genome (%) 49.45%

TEs in genome (%) 47.81%

Table 1.  Summary of the Phoebe chekiangensis genome assembly and annotation.
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manually corrected with Juicebox v2.20.024 (Fig. 2). Assembly quality was assessed with Merqury v1.325 to esti-
mate the QV value, while BUSCO v6.0.026 and the LTR Assembly Index (LAI) were employed to evaluate genome 
completeness27. The final chromosome-level assembly of P. chekiangensis was 918.59 Mb in size with a GC content 
of 40.05%, comprising 12 pseudochromosome scaffolds and 20 unanchored scaffolds, and achieved a scaffold N50 
of 68.99 Mb (Table 1).

Gene prediction and functional annotation.  For genome annotation, repetitive elements were first 
identified using both homology-based and de novo approaches. In the homology-based analysis, RepeatMasker 
v4.1.9 (http://www.repeatmasker.org) with the Repbase database28 was used to detect known repeats under default 

Fig. 1  The circus map (A) and habitat (B) of Phoebe chekiangensis. The circles, from innermost to outermost, 
show track the syntenic regions within each pseudochromosomes (a), track the LTR-Copia density (b), 
track the LTR-Gypsy density (c), track the gene density (d), track the GC content (e), and track the length of 
pseudochromosomes (f), respectively.

Fig. 2  Hi-C heat map of the finally assembled genome of Phoebe chekiangensis. There were strong interactive 
signals within the 12 chromosomes around the diagonal based on the spatial positional relationship of 
chromatin DNA. The strength of the interaction was shown by different colors from white (low) to dark red 
(high).
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parameters. For the de novo prediction, RepeatModeler v2.0.129 was employed to generate a species-specific 
repeat library, which was subsequently used by RepeatMasker for genome-wide repeat annotation. Unclassified 
repeat elements were further classified using DeepTE with the plant model30. In total, ~454.33 Mb of repetitive 
sequences were identified (Table 2), representing 49.55% of the genome, including DNA transposons (17.82%), 
LTR retrotransposons (24.12%), LINEs (1.95%), rolling-circle elements (0.17%), unclassified repeats (4.26%), and 
other elements (2.49%).

We next annotated non-coding RNAs, including miRNAs, tRNAs, rRNAs, and snRNAs, across the genome. 
tRNAs were identified using tRNAscan-SE v1.3.131, while rRNAs were predicted with RNAmmer v1.232 under 
default parameters. Other ncRNAs, including miRNAs and snRNAs, were annotated using Infernal v1.1.333 with 
recommended settings. In total, 201 miRNAs, 551 tRNAs, 3,229 rRNAs, and 750 snRNAs were identified in the 
P. chekiangensis genome (Table S3).

For PCG annotation, we employed an integrative strategy combining ab initio prediction, homology-based 
annotation, and RNA-seq–assisted annotation. Ab initio and homology-based predictions were conducted 
using BRAKER v2.1.534 and GeMoMa v1.935, respectively, with PCGs from Oryza sativa, Arabidopsis thaliana, 
Phoebe bournei, Cinnamomum camphora, Lindera megaphylla, and Chimonanthus salicifolius serving as homol-
ogous references2,36–39. For the RNA-seq–based approach, transcriptomic reads were aligned to the genome 
with HISAT v2.1.040, and transcripts were assembled with TRINITY v2.4.041 in both genome-guided and de 
novo modes. The assembled transcripts were further processed with the PASA v2.4.1 pipeline42 to predict gene 
structures. Results from the three approaches were integrated using EVM v1.1.143, with weighting ratios of 
PASA:GeMoMa:BRAKER set at 10:5:1, and PASA was subsequently applied to refine the consensus models 
by adjusting exon–intron boundaries. The final annotation yielded 34,381 PCGs (Table 1) in the genome of P. 
chekiangensis, with mean gene models spanning 7,953.43 bp and containing an average of 4.68 coding sequences 
(CDSs). Functional annotation was performed by aligning the predicted protein sequences against six public 
databases (NR, KEGG, Swiss-Prot, InterPro, KOG, and eggNOG) using DIAMOND v4.0.51544 with an E-value 
cutoff of 1E-05. In total, 31,598 PCGs (91.91%) were annotated in at least one database (Table 3).

Comparative genomic analysis.  To further compare the assembly quality of P. chekiangensis with that of 
the previously reported P. bournei, we performed interspecific synteny analysis using JCVI v1.5.345 with default 
parameters. The results revealed a very high degree of collinearity between the two genomes, with 20,898 syntenic 
gene pairs identified (Fig. 3). Moreover, the syntenic depth exhibited a clear 1:1 relationship, indicating high 
assembly accuracy and strong genomic consistency between the two species (Figure S6). In addition, assembly 
quality of P. bournei was further assessed using BUSCO v6.0.046 in genome mode, which provided a reference for 
subsequent comparisons with the P. chekiangensis assembly.

Data Records
The sequencing datasets generated in this study are available from the National Center for Biotechnology 
Information (NCBI) under project accession PRJNA1440944. These datasets comprise genome survey 
(SRX32595579)47, PacBio HiFi (SRX32595574)48, Hi-C (SRX32595573)49, and RNA-seq (SRX32595575–
SRX32595578)50–53 reads. The assembled genome sequence has been deposited in the National Center for 
Biotechnology Information (NCBI) under accession JBQMFG00000000054, and the associated genome annota-
tion files are accessible via Figshare (https://doi.org/10.6084/m9.figshare.29644925.v1)55.

Type Number Length (bp) Percentage of the genome (%)

DNA transposons 360,296 22,315,883 2.42%

LTR 126,177 221,572,083 24.12%

LINE 20,607 17,933,450 1.95%

Rolling-circles 474 1,645,810 0.17%

Unclassifed 107,019 39,203,031 4.26%

Non-interspersed Repeats(Simple 
repeat, Low complexity and rRNA) 521,228 22,874,499 2.49%

Table 2.  Repeat annotation of the Phoebe chekiangensis genome.

Type Count % of all protein coding genes

Annotation

NR 30,234 87.94

Swiss-Prot 20,701 60.21

KOG 10,791 31.39

InterPro 29,197 84.92

eggNOG 28,624 83.26

KEGG 8711 25.34

Total
Annotated 31,598 91.91

Protein coding genes 34,381 —

Table 3.  Functional annotation of protein coding genes in Phoebe chekiangensis.
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Technical Validation
The quality of the P. chekiangensis genome assembly was evaluated using BUSCO v6.0.046 with the embryophyta_
odb12 dataset (2,026 core embryophyte genes), which identified 98.4% complete BUSCOs (91.2% single-copy 
and 7.2% duplicated, Fig. 3). This value exceeds the 97.1% completeness reported for the closely related species P. 
bournei (86.9% single-copy and 10.2% duplicated), reflecting an improvement in assembly quality. The QV esti-
mated with Merqury v1.356 was 44.96, corresponding to a base-level accuracy of 99.99% (Table 1). Additionally, 
resequencing reads mapped to the assembly with a rate of 98.40% and an average coverage of >99.88%, further 
supporting its completeness and accuracy (Table 1). The LTR Assembly Index (LAI) score was 14.32, confirming 
that the P. chekiangensis assembly meets the reference-quality standard (Figure S7).

Data availability
The data that support the findings of this study are available on the Genbank under accession JBQMFG000000000 
(assembled genome sequence, https://identifiers.org/ncbi/insdc:JBQMFG000000000), and the Figshare 
(associated genome annotation files, https://doi.org/10.6084/m9.figshare.29644925.v1), and the NCBI 
under project accession PRJNA1440944 (sequencing datasets, https://www.ncbi.nlm.nih.gov/bioproject/
PRJNA1440944).

Code availability
No custom scripts were used in this study. All analyses were performed with standard bioinformatics tools 
following the recommended parameters and protocols.
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