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Chromosome-level genome 
assembly of the traditional 
medicinal plant Lindera aggregata
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Lindera aggregata is a renowned medicinal plant in China, particularly the variety from Tiantai, 
Zhejiang Province, which is esteemed for its superior medicinal properties. Beyond its medicinal 
value, it holds significant economic potential and phylogenetic significance. Utilizing a range of 
sequencing techniques, we have successfully assembled and annotated a high-quality chromosome-
level genome of L. aggregata. The assembled genome spans approximately 1.59 Gb, with a scaffold 
N50 length of 132.62 Mb. Approximately 93.07% of the assembled sequences have been anchored 
to 12 pseudo-chromosomes, and 70.02% of the genome consists of repetitive sequences. According 
to the annotations, a total of 33,283 genes are identified, of which 96.95% can predict function. This 
high-quality chromosome-level assembly and annotation will greatly assist in the development and 
utilization of L. aggregata’s valuable resources, and also provide a crucial molecular foundation for 
investigating the evolutionary relationships within the Lauraceae family and the mechanisms behind 
the synthesis of active ingredients in L. aggregata.

Background & Summary
The Lauraceae family encompasses approximately 100 species of the genus Lindera, which are extensively dis-
tributed across tropical, subtropical, and temperate zones in Asia and the central region of the United States1. 
Over 40 species are found in China, representing roughly 46% of the genus’s total2. Many species within this 
genus possess aromatic oils that are utilized for culinary spices and medicinal applications3. Their seeds, abun-
dant in fats, can be processed into soap and lubricants4. Additionally, certain tree species of this genus yield 
wood that is suitable for construction materials or furniture-making1.

Lindera aggregata (Sims) Kosterm (called “Wu-Yao” in Chinese), a traditional medicinal plant in China, is 
predominantly cultivated in regions such as Zhejiang, Jiangxi, Fujian, Anhui, Hunan, Guangdong, and Guangxi3. 
Notably, the L. aggregata originating from Zhejiang, particularly the renowned “Tiantai Wu-Yao”, is esteemed for 
its superior quality5. As one of the famous “New Zhejiang eight traditional Chinese medicine”, it holds a prestig-
ious status all over the world. Historical texts from ancient Chinese classics, including “Ben Cao Meng Quan” 
and “Ben Cao Gang Mu” indicate that the jointed tuberous roots of L. aggregata were the primary medicinal 
components (Fig. 1A), rather than the taproots6. In Traditional Chinese Medicine, qi is considered an extremely 
subtle yet potent force that circulates continuously within the human body7. It plays a crucial role in promoting 
and regulating metabolism and maintaining the body’s life processes8. L. aggregata is known for its properties to 
activate qi, alleviate pain, warm the kidneys, and dispel cold9. It is utilized to address symptoms such as abdom-
inal pain, dysmenorrhea, frequent urination, rheumatism, and indigestion10. Due to its substantial medicinal 
values and extensive pharmacological effects, this plant has garnered increasing attention in recent years.

Over the past few decades, researchers had delved into the L. aggregata from various angles, encompass-
ing chemical analysis, pharmacological mechanisms, and quality control methodologies. So far, more than 
260 compounds have been isolated and identified from this species, including flavonoids, alkaloids, terpenes, 
volatile oils, etc2. Notably, the “China Pharmacopeia” has utilized linderane and norisoboldine as chemical 
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markers for evaluating the quality of L. aggregata roots6. However, due to the absence of a complete genome for 
L. aggregata, it is currently not feasible to analyze the synthetic pathways of the primary chemical constitu-
ents and the mechanisms underlying pharmacological effects at the molecular level. This significantly ham-
pers the advancement and practical application of L. aggregata. Consequently, the acquisition of high-quality 
reference genomes is essential for enhancing the utilization of resources in L. aggregata and for investigating 
the phylogeny of Lauraceae plants.

In this study, we employed PacBio HiFi reads (91.80 Gb, 55×), Illumina reads (101.13 Gb, 60×), Hi-C 
reads (236.46 Gb), and RNA-seq data (39.40 Gb) to assemble and annotate the genome of L. aggregata. The 
assembled genome of L. aggregata spans 1.59 Gb, anchored on 12 pseudo-chromosomes, with a contig N50 
of 12.11 Mb, and an assembly completeness of 93.07% (Table 1; Fig. 1D,E; Table S1). Based on BUSCO assess-
ment, the proportion of complete core genes was 97.3%, and the proportion of missing genes was 1.8%, indi-
cating that the assembly completeness was good (Fig. 2; Table S7). The sizes of chloroplast and mitochondrial 
genomes were 154,736 bp and 912,473 bp, respectively. A total of 1,832,346 repeat sequences were identified, 
with a cumulative length of approximately 1.12 Gb, which accounts for 70.02% of the assembled genome. 
Long terminal repeats (LTRs) constitute the largest proportion, with 667,992 sequences and a cumulative 
length of 602.85 Mb, representing 37.78% of the entire genome. Compared with other Lauraceae species, the 

Fig. 1  The morphological and genome characteristics of Lindera aggregata. (A) The whole plant and roots 
of L. aggregata, in which the jointed tuberous roots and the taproots are circled in red. (B) Chromosomes 
fluorescence staining of L. aggregata, with a scale of 5 um. (C) Fluorescence in situ hybridization of 
chromosomes, with a scale of 5 um. (D) Hi-C interaction heat map. (E) Circle plot of genome assembly and 
annotation. a, Chromosome-scale pseudomolecules (chr01-chr12); b-f, Distribution of gene density, GC 
density, transposon element, copia and gypsy LTR density, respectively; g, Colinearity blocks in genome.

Parameter Genome

Genome size 1,595,824,669 bp

GC content 40.39%

Contig number 1,877

Contig N50 12,106,626 bp

Contig N90 1,826,541 bp

Scaffold number 1,659

Scaffold N50 132,620,616 bp

Scaffold N90 81,699,946 bp

Chromosome number 12

Chromosome length 1,485,206,438 bp (93.07%)

Mitochondria length 912,473 bp (0.06%)

Chloroplast length 154,736 bp (0.01%)

Table 1.  Summary of Lindera aggregate genome assembly.
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size of L. aggregate genome was larger, only smaller than that of Lindera glauca (2.09 Gb), but the repetitive 
sequences proportion of L. aggregate genome was the largest, indicating that its genome was more complex 
(Table S15). Moreover, we predicted 33,283 genes within the genome, of which 96.95% were assigned putative 
functions (Table 2), similar in number to other Lauraceae plants (ranging from 28,198 to 48,139, Table S15). 
The successful construction of high-quality reference genomes will enhance our understanding of the evolu-
tionary relationships among Lauraceae plants and further facilitate research into the regulation of medicinal 
active ingredients in L. aggregata, as well as molecular-assisted breeding efforts.

Methods
Samples collection.  In order to extract genomic DNA, fresh young leaves of L. aggregate were collected 
from an adult plant at the “Wuyao” planting base in Sanzhou Township, Tiantai County, Zhejiang Province, China 
(120°48.23′E, 29°12.71′N). Furthermore, young leaves, fruits, stems, flower buds, taproots and jointed tuber-
ous roots were collected from the same plant for subsequent transcriptome sequencing. After all samples were 
collected, they were quickly frozen in liquid nitrogen and then stored in a −80 °C refrigerator. DNA and RNA 
extraction and sequencing were completed by Novogene Biotechnology Co., Ltd. in Tianjin, China.

Library construction and genome sequencing.  Total DNA was extracted from young leaves of 
L. aggregate by a modified CTAB method11. The concentration of DNA was assessed using Nanodrop and Qubit 
fluorometer. The integrity and purity of DNA were assessed using 1% agarose gel electrophoresis. Short-read 
WGS sequencing data was obtained through the Illumina NovaSeq X plus platform, resulting in approximately 
101.13 Gb of raw data (Table S2).

Prior to HiFi sequencing, DNA samples were first subjected to agarose gel electrophoresis to assess their 
quality (main band >30 kb). High-quality DNA samples that pass the test were selected and randomly inter-
rupted by a Covaris ultrasonic disruptor to bring the fragment size within the target range of 15–18 kb, and 

Fig. 2  Evaluation of genomic integrity of Lindera aggregate based on BUSCO.

Feature Number

Repeat sequence 1,832,346

Gene 33,283

Protein-coding gene 32,268

ncRNA 38,108

Table 2.  Summary of Lindera aggregate genome annotation.

https://doi.org/10.1038/s41597-025-04891-3


4Scientific Data |          (2025) 12:565  | https://doi.org/10.1038/s41597-025-04891-3

www.nature.com/scientificdatawww.nature.com/scientificdata/

large fragments of DNA were purified using magnetic beads for enrichment. Subsequently, each PacBio single 
molecule real-time (SMRT) library was built using SMRTbell Express Template Prep Kit 2.0. The library was 
then sequenced in CCS mode on the Pacific Bioscience Revio platform, and high-fidelity (HiFi) reads were gen-
erated using Circular Consensus Sequencing (CCS) workflow v8.0.1. This process produced a total of 91.80 Gb 
data, with an average read length of approximately 17.22 kb, and an N50 read length of approximately 17.23 kb 
(Table S3).

To prepare a Hi-C library, cells were treated with formaldehyde to bind DNA and protein to be fixed. After cell 
lysis, the cross-linked DNA was treated with restriction enzymes to create gaps on both sides of the cross-linking 
point. During end repair, biotin-labeled ends of oligonucleotides were added. Subsequently, adjacent DNA frag-
ments were ligated by treatment with nucleic acid ligase. The proteins at the junction were digested with protease 
to uncross-link the protein and DNA. Then genomic DNA was extracted and the DNA was randomly broken 
into fragments with a length of 350 bp using a Covaris crusher for recovery. Finally, sequencing was performed 
on the Illumina NovaSeq X plus platform in the PE150 model (Table S4).

Transcriptome sequencing.  Total RNAs were isolated from the young leaves, fruits, stems, flower buds, 
taproots and jointed tuberous roots of the same plant. The concentration of RNAs were assessed by Nanodrop 
and Agilent 2100. The integrity and purity of RNAs were assessed by agarose gel electrophoresis and Agilent 2100. 
After the RNA samples were tested, mRNA was enriched with magnetic beads with Oligo (dT). Subsequently, 
fragmentation buffer was added to break the mRNA into short fragments. Using the mRNA as a template, 
one-strand cDNA was synthesized using six-base random hexamers. Then buffer, dNTPs, and DNA polymer-
ase I and RNase H were added to synthesize two-strand cDNA. The double-strand cDNA was then purified 
using AMPure XP beads. The purified double-stranded cDNA was first end-repaired, A-poly, and connected to 
sequencing adapters, and then fragment size was selected using AMPure XP beads. PCR amplification was then 
carried out and the PCR products were purified using AMPure XP beads to obtain the final sequencing library. 
Sequencing was performed via the Illumina NovaSeq X plus platform. Finally, a total of 40.20 Gb RNA-Seq data 
(Table S5) was obtained for subsequent annotation.

Genome size estimation.  The frequency of 17-kmers was generated based on clean WGS reads via the 
jellyfish v2.2.7 tool12 and the characteristics of genome were evaluated via GenomeScope13. The estimated genome 
size was approximately 1,679.58 Mb, the heterozygosity rate was approximately 0.97%, and the repeat sequence 
proportion was approximately 72.64% (Table S6). Moreover, hybrid k-mer pairs were extracted from k-mer data 
through Smudgeplot v0.4.0 software14 and the hybrid k-mer pairs were trained. Then, the total and relative cov-
erage of k-mer pairs were compared, and the number of heterozygous k-mer pairs was counted to infer that the 
genome of L. aggregate was diploid (Figure S2).

Chromosome karyotype analysis.  The seedlings of L. aggregate were cultured to obtain roots with active 
meristems. Dinitrogen oxide was used to treat the cells and induce them to mitosis to obtain a large number of 
metaphase cells. After DAPI staining, clear and intuitive chromosomes were obtained through high-resolution 
fluorescence microscopy and CCD imaging equipment. Moreover, fluorescent probes based on telomeres and 
conserved repeats of 18SrDNA were used to conduct fluorescence in situ hybridization on the samples to deter-
mine the chromosome ploidy characteristics of the species. The results showed that the number of chromo-
somes was 24, and 2 chromosomes showed strong hybridization signals, suggesting that the sample was diploid 
(2n = 2x = 24; Fig. 1B,C).

Genome assembly.  PacBio HiFi reads were assembled into contigs using Hifiasm v0.19.515 with param-
eter (−l = 2, -n = 4). The assembled draft genome of L. aggregate was 1,595.82 Mb, with contig N50 sizes of 
12.11 Mb (Table S1). Subsequently, based on the Hi-C data obtained by sequencing, the assembled contigs/scaf-
folds sequences were mounted to the near-chromosome level using ALLHIC v0.9.8 software16 (enz = DpnII, 
CLUSTER = n), including chromosome clustering, orientation, and sorting. Manual inspection and adjustment 
were performed using Juicebox v1.11.08 software17 (pre -n -q 0 or 1), primarily focusing on refining chromosome 
segment boundaries and correcting assembly errors. Finally, the genome was obtained at the chromosome level, 
the size was 1,485.21 Mb, with 93.07% of sequences anchored to 12 pseudochromosomes and a scaffold N50 size 
of 132.62 Mb (Table 1; Fig. 1D,E; Table S1). Additionally, the Getorganelle v1.7.718 and PMAT v1.5.319 were used 
to assemble chloroplast and mitochondrial genomes with default parameters, respectively.

Genome annotation.  Genome annotation mainly includes repeat sequence annotation, gene structure 
annotation, gene function annotation and non-coding RNA annotation. A combined strategy based on homol-
ogy alignment and de novo search to identify the whole genome repeats were applied in our repeat annotation. 
The homolog prediction commonly used Repbase database20,21 employing RepeatMasker v4.1.2-p1 software and 
its in-house scripts (RepeatProteinMask) with default parameters to extracted repeat regions22. And ab initio 
prediction built de novo repetitive elements database by RepeatModeler v2.0.323 with default parameters, then all 
repeat sequences with lengths >100 bp and gap ‘N’ less than 5% constituted the raw transposable element (TE) 
library. A custom library (a combination of Repbase and our de novo TE library which was processed by uclust 
to yield a non-redundant library) was supplied to RepeatMasker for DNA-level repeat identification. A total of 
1,832,346 repeat sequences were identified, with a cumulative length of 1,117,418,804 bp, accounting for 70.02% 
of the genome. Among them, the most abundant are LTR elements, with a total of 667,992 elements spanning 
602,850,190 bp, accounting for 37.78% of the entire genome (Table S10).

Structural annotation of the genome incorporates ab initio prediction, homology-based prediction and 
RNA-Seq assisted prediction, was used to annotate gene models. Sequences of homologous proteins were 
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downloaded from Ensembl and NCBI (including Populus trichocarpa, Arabidopsis thaliana, Cinnamomum 
kanehirae, C. chago, C. camphora, Persea americana, Lindera megaphylla). Protein sequences were aligned 
to the genome using TblastN v2.2.2624, and then the matching proteins were aligned to the homologous 
genome sequences for accurate spliced alignments with GeneWise v2.4.1 software25 which was used to pre-
dict gene structure contained in each protein region. For gene predication based on Ab initio, Augustus 
v3.526 and SNAP v2013.11.2927 were used in our automated gene prediction pipeline. Transcriptome 
reads assemblies were generated with Trinity v2.8.528 for the genome annotation. To optimize the genome 
annotation, the RNA-Seq reads from different tissues which were aligned to genome fasta using Hisat 
v2.2.129 with default parameters to identify exons region and splice positions. The alignment results were 
then used as input for Stringtie v2.2.130 with default parameters for genome-based transcript assembly. 
The non-redundant reference gene set was generated by merging genes predicted by three methods with 
EvidenceModeler v1.1.131 using PASA32 terminal exon support and including masked transposable elements 
as input into gene prediction (Table S11).

Gene functions were assigned according to the best match by aligning the protein sequences to the Swiss-Prot 
using Blastp v2.2.2624. The motifs and domains were annotated using InterProScan v5.3933 by searching against 
publicly available databases, including ProDom, PRINTS, Pfam, SMRT, PANTHER and PROSITE. The Gene 
Ontology (GO) IDs for each gene were assigned according to the corresponding InterPro entry. We predicted 
the proteins function by transferring annotations from the closest BLAST hit in the SwissProt and NR database 
via DIAMOND v0.8.2234. We also mapped gene set to a KEGG pathway and identified the best match for each 
gene. Finally, in the above-mentioned at least one database, 32,268 genes were functionally annotated, account-
ing for 96.95% of the all genes (Table S12).

The tRNAs were predicted using the program tRNAscan-SE v1.435. For rRNAs are highly conserved, we 
choose relative species’ rRNA sequence as references, predict rRNA sequences using Blast. Other ncRNAs, 
including miRNAs, snRNAs were identified by searching against the Rfam database36 with default parameters 
using the Infernal v1.1.5 software (Table S13).

Fig. 3  Gene families and evolutionary analysis. (A) Unique and common gene clusters between L. aggregate 
and five related species. (B) Detection of whole genome duplication (WGD) events based on fourfold 
degenerate synonymous site (4DTv). (C) Analysis of gene family expansion and contraction among L. aggregate 
and 16 other species.
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Data Records
The relevant data reported in this manuscript has been stored in GenBank, with BioProject accession 
PRJNA1144506. The PacBio HiFi reads, Hi-C reads, WGS data, and RNA-Seq data have been saved in the SRA 
of NCBI with accession SRR3161707337, SRR3161707738, SRR3161707439, SRR3161707840, SRR3161707241, 
SRR3161707142, SRR3161706943, SRR3161706744, SRR3161706845, SRR3161707046, SRR3161707647, 
SRR3161707548. Data for the final chromosome assembly is stored in GeneBank accession JBLYEH00000000049. 
Genome sequence and annotation data can also be found in Figshare50. The accession numbers of mitochondrial 
and chloroplast genomes of Lindera aggregata in Gene Bank are PP84811251, PP84811352 and PP19919053.

Technical Validation
Genome assembly quality assessment.  The final assembled genome was about 1.59 Gb, similar to 
K-mer prediction (Table S6; Figure S1). The integrity of the assembly sequence was assessed using BUSCO 
V5.4.554 tool. The proportion of complete core genes (including single copy and multiple copy genes) was 97.3%, 
and the proportion of missing genes was 1.8%, indicating that the assembled genome has good integrity (Fig. 2; 
Table S7).

In order to evaluate the accuracy of assembly, small fragment library reads were selected and compared to 
the assembled genome using BWA v5.4.555 software. The alignment rate of reads, the extent of coverage of the 
genome and the distribution of depth were calculated to evaluate the integrity of assembly and the uniformity 
of sequencing. The results show that the comparison rate of short reads to the genome was about 98.15%, and 
the genome coverage rate was approximately 99.92%, indicating that the reads and the assembled genome have 
good consistency (Table S8).

Fig. 4  Enrichment analysis of KEGG and GO pathways. KEGG enrichment analysis of expansion genes (A) and 
contraction genes (B) in L. aggregate. GO enrichment analysis of expansion genes (C) and contraction genes 
(D). The GO terms and KEGG pathways with a p-value < 0.05 were defined as statistically significant.

https://doi.org/10.1038/s41597-025-04891-3


7Scientific Data |          (2025) 12:565  | https://doi.org/10.1038/s41597-025-04891-3

www.nature.com/scientificdatawww.nature.com/scientificdata/

The Merqury v1.4.156 software was then used to evaluate the quality of the genome based on K-mer. 
The Qv of the assembled genome was approximately 40.13, indicating that the assembly accuracy exceeded 
99.99% (Table S9).

The strength of the interaction signals around the diagonal of the genome-wide Hi-C heat map was stronger 
than the off-diagonal signals (Fig. 1D), indicating the high quality of genome assembly at the chromosomal level.

Evaluation of the gene annotation.  The annotated proteins were evaluated via BUSCO with the lineage 
dataset embryophyta_odb10. The assessment results showed that a total of 88.9% of complete BUSCOs (84.4% 
complete and single-copy BUSCOs and 4.5% complete Duplicated BUSCOs) were annotated in the gene set of 
L. aggregate, and only 5.4% of the genes were missing BUSCOs, indicating that the annotation results were high 
quality (Table S14).

Gene family analysis.  Using gene family cluster analysis, the genomes of L. aggregate and 16 other 
sequenced plants (Persea americana, Cinnamomum camphora, Cinnamomum kanehirae, Cinnamomum chago, 
Lindera megaphylla, Liriodendron chinense, Piper nigrum, Arabidopsis thaliana, Populus trichocarpa, Vitis 
vinifera, Solanum lycopersicum, Oryza sativa, Ananas comosus, Phalaenopsis equestris, Amborella trichopoda, 
Nymphaea colorata) were analyzed. The results showed that a total of 38,831 gene families were clustered among 
17 species; there were 5527 shared gene families, of which 381 single-copy gene families were shared by each 
species (Figure S3). Further comparison with 5 related species (C. camphora, L. chinense, L. megaphylla, P. amer-
icana, P. nigrum) found that 6 species had a total of 8024 gene clusters. In addition, compared with the other five 
genomes, we found 3092 unique gene families in the Lindera genome (Fig. 3A).

Comparative genome analysis.  Based on a comparison of fourfold degenerate synonymous site (4DTv) 
in common linear blocks among L. aggregate and its related species, it was revealed that whole genome dupli-
cation (WGD) events shared by L. aggregate and other Lauraceae plants (Fig. 3B). Furthermore, 16 other 
sequenced plant genomes were used for the expansion and contraction of gene families, showing that 101 
gene families in L. aggregate had significantly expanded and 64 gene families had significantly contracted. The 
results indicated that the gene familys of L. aggregate had mainly experienced expansion during the adaptive 
evolution process (Fig. 3C).

The expanded gene families were found to be primarily enriched in KEGG pathways related to metabolism, 
environmental adaptation, organismal systems, plant-pathogen interaction, energy metabolism (Fig. 4A). In 
terms of GO functions, enrichment was detected in membrane, signal transduction, response to external biotic 
stimulus, response to biotic stimulus, biological process involved in interspecies interaction between organ-
isms (Fig. 4C). On the other hand, the contracted gene families were mainly enriched in the GO function 
of serine-type endopeptidase activity, regulation of transmembrane transporter activity, monoterpene biosyn-
thetic process, sesquiterpene biosynthetic process, monoterpenoid biosynthetic process (Fig. 4D). In addition, 
in terms of the KEGG pathways, enrichments were observed in metabolism, metabolism of terpenoids and 
polyketides, terpenoid backbone biosynthesis, monoterpenoid biosynthesis and cytochrome P450 (Fig. 4B). 
As with most plants in the Lauraceae family57–59, the terpenoid biosynthesis pathway is the key route for the 
synthesis of active components in L. aggregata.

Code availability
All commands used were executed in accordance with the manuals or protocols of the tools used in this study. 
The software and tools used are publicly accessible, and the version and parameters are specified in the Methods 
section. If detailed parameters are not mentioned, default parameters are used. No custom codes were used in 
this study.
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