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A chromosome-level genome 
assembly of Wurfbainia villosa 
(Zingiberaceae)
Yingmin Zhang   1,2,3, Congwei Yang2,3, Hui Li2 & Guodong Li   1,2 ✉

Wurfbainia villosa is a well-known medicinal plant widely distributed in southern China and Southeast 
Asia. Its dried fruits, known as Fructus Amomi in traditional Chinese medicine, are commonly used for 
treating gastrointestinal disease. In this study, the de novo chromosome-level genome assembly was 
generated for this diploid plant. The assembled genome was approximately 2,731.09 Mb in length, 
with a contig N50 of 30.23 Mb. Approximately 99.91% of the assembled sequences were anchored onto 
24 pseudochromosomes. A total of 42,713 genes were annotated, along with 88.83% of repetitive 
elements. These genomic resources provide valuable foundations for future research on active 
component biosynthesis, functional genomics, and DNA-informed breeding of W. villosa.

Background & Summary
Wurfbainia villosa (Lour.) Škorničk. & A.D.Poulsen (2n = 48) is a perennial herb in the family Zingiberaceae, 
naturally distributed throughout Southeast Asia, especially in southern China1,2 (Fig. 1A–C). Its dried fruit, 
known as Fructus Amomi (Sharen in traditional Chinese medicine), is widely used as both medicine and food 
in China. Fructus Amomi is one of the famous “Four Major Southern China Medicines” and is widely used 
clinically for warming the spleen, eliminating dampness and the prevention of miscarriage diseases3. Moreover, 
W. villosa is also widely used in food, liquors, and tea as a health product and condiment4. Recent studies have 
demonstrated various pharmacological properties of W. villosa, including gastroprotective, antihyperglycemic, 
antitumor, anti-inflammatory, and antioxidant effects5,6. Volatile oil is recognized as the primary bioactive com-
ponent and serves as a quality-control marker in the Chinese Pharmacopoeia7.

In recent years, the W. villosa industry has experienced substantial growth due to increasing demand for medici-
nal, edible, and health-related products, reaching an annual production value exceeding 100 billion yuan8. However, 
the industry faces several agricultural challenges. These include difficulties in natural pollination, poor capsule forma-
tion, and low seed germination rates, leading to significantly reduced yields9. Moreover, limited genetic diversity and 
extensive cultivation of genetically similar varieties have resulted in germplasm degradation and inconsistent product 
quality10. Therefore, breeding improved varieties of W. villosa is urgently required to address these challenges.

In this study, we assembled and annotated a high-quality genome of W. villosa using oxford nanopore tech-
nology (ONT), next-generation sequencing (NGS), and high-throughput chromosome conformation capture 
(Hi-C) methods. The assembled genome had a total length of 2,731.09 Mb with a contig N50 (a continuity met-
ric) of 30.23 Mb. Repeat annotation indicated that repetitive elements account for 88.83% (2,426.10 Mb) of the 
genome, among which long terminal repeats (LTRs) comprised 78.38% (2,140.81 Mb). Additionally, our annota-
tions predicted 42,713 protein-coding genes, 1,434 tRNAs, 219 miRNAs, 1,000 rRNAs, and 6,573 snRNAs. This 
genome assembly and annotation represent improvements in terms of completeness and continuity compared 
with previously reported genomes of W. villosa11,12 (Table 1).

Methods
Sample collection and sequencing.  Samples of W. villosa were collected on 24 November 2023 from 
Wenshan city, Yunnan Province, China (23°34’ N, 104°45’ E). A voucher specimen (ID: 532623SR024) was depos-
ited in the herbarium of Yunnan University of Chinese Medicine. Immediately after collection, fresh young leaves 
were frozen in liquid nitrogen and stored at −80 °C prior to DNA extraction. High-quality genomic DNA was 
extracted from leaf tissues using the DNeasy Plant Mini Kit (QIAGEN, Valencia, California, USA).
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For short-reads sequencing, paired-end libraries with an insert size of 350 bp were prepared using the 
NextEra DNA Flex Library Prep Kit (Illumina, San Diego, CA, USA) and subsequently sequenced on the 
DNBSEQ-T7 platform (MGI Tech, Shenzhen, China). Quality control of short reads was performed using fastp 
v0.21.013 with default parameters to remove adapters, contaminants, PCR duplicates, and low-quality reads con-
taining more than 30% low-quality bases. After filtering, a total of 229.60 Gb of clean short reads (84.12 × cover-
age) were obtained.

The Hi-C library was constructed according to the protocol described by Lieberman-Aiden14 et al. and sub-
sequently sequenced on an Illumina NovaSeq 6000 platform (paired-end, 150 bp reads). Raw Hi-C sequencing 
data were filtered and quality-controlled using fastp, resulting in 355.99 Gb of clean reads (130.42 × coverage).

For ONT sequencing, equal amounts of genomic DNA extracted from leaf samples were pooled to pre-
pare the sequencing library using the Ligation Sequencing Kit (SQK-LSK109). The library was sequenced on a 
PromethION P48 sequencer (Oxford Nanopore Technologies, Oxford, UK), generating 294.86 Gb of clean long 
reads (108.02 × coverage).

Genome survey.  The k-mer frequency distribution was calculated from clean short reads using Jellyfish 
v2.3.015 (count -C -m 19; histo -h 10000). Subsequently, genome heterozygosity was assessed using GenomeScope 
v1.016 (-k 19). Based on these analyses, the genome size of W. villosa was estimated to be 2,729.62 Mb, with a het-
erozygosity level of 0.63% (Fig. 1D).

Genome and chromosome assembly.  ONT long reads were assembled to generate a draft genome using 
NextDenovo v2.5.117. The initial genome assembly was subsequently polished twice with ONT data using Racon 

Fig. 1  Morphological characteristics and chromosome features of Wurfbainia villosa. (A) Plant of W. villosa; 
(B) Inflorescence of W. villosa; (C) Fruit of W. villosa; (D) Genome survey of W. villosa based on 19-mer 
analysis; (E) Hi-C interactive heatmap; (F) The tracks from outer to inner (I–V) represent the chromosome, 
gene density, repeat sequence density, GC content, and collinearity between the chromosomes, respectively 
(window size = 10 Mb).
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v1.5.018, followed by two additional polishing rounds using short-read data with Polypolish v0.5.018,19. Haplotypic 
duplications were removed from the aligned bam file using Purge Haplotigs v1.1.220 (-l 10 -m 110 -h 300). After 
haplotig removal, the final haploid genome draft assembly was 2,731.07 Mb in length and comprised 164 contigs, 
with a contig N50 of 30.23 Mb.

Clean Hi-C reads were mapped to the draft genome using HiCUP v0.8.221 (-format sanger -longest 800 
-shortest 150 -nofill N) to generate valid read pairs. Subsequently, invalid pairs, unmapped reads, and PCR dupli-
cates were removed. Next, ALLHiC v0.9.822 (-e GATC -k 10) was used to cluster contigs into chromosome-level 
groups, followed by sorting and orientation. Interaction data between contigs were converted into binary files for 
visualization using 3D-DNA v18041923 and Juicer v1.624. Visual corrections to the assembly were finalized using 
JuiceBox v1.11.0825, guided by observed chromosome interaction intensities. Contigs exhibiting no interactions 
were categorized as “unassigned,” and gaps between contigs were filled with sequences of 100 Ns. Ultimately, 
99.91% of assembled sequences were anchored onto 24 pseudo-chromosomes, with chromosome length raging 
from 66.82 Mb to 155.81 Mb (Fig. 1E, Table 2). The final genome assembly had a total length of 2,731.09 Mb and 
a scaffold N50 of 116.48 Mb (Table 1, Fig. 1F).

Repeat annotation.  Repetitive elements were identified using the Extensive de novo TE Annotator (EDTA) 
v2.0.126 (parameters: -sensitive 1 -anno 1). In total, 2,426.10 Mb of repetitive sequences were predicted in the 
genome of W. villosa (Table 3). Among these repetitive sequences, long terminal repeat (LTR) retrotranspos-
ons constituted 78.38% (2,140.81 Mb). LTR/Copia elements represented the predominant type, covering 55.19% 
(1,507.37 Mb) of the genome, while LTR/Gypsy elements represented 23.19% (633.44 Mb).

Gene prediction and annotations.  Genes were predicted by integrating three methods: de novo predic-
tion, RNA-seq-based prediction, and homology-based approaches prediction. For de novo prediction, AUGUSTUS 
v3.2.327 and GlimmerHMM v3.0.428 were employed with default parameters. For RNA-seq-based prediction, 
full-length transcript sequences29–32 were aligned to the reference genome using Minimap2 v2.1733 (-ax map-ont -x 
splice -G 1000000). The resulting alignments were subsequently assembled into transcripts using StringTie v1.3.334, 
and coding sequences were predicted using TransDecoder v2.0 (http://transdecoder.github.io). For homology-based 
prediction, protein sequences from five reference species were utilized: Wurfbainia villosa11,12, Zingiber officinale35, 
Musa acuminata36, Oryza sativa37, and Arabidopsis thaliana38. Finally, we used MAKER v2.31.1039 to combined 
de novo (AUGUSTUS), RNA-seq (Minimap2/StringTie), and homology-based predictions. In total, 42,713 genes 
were predicted, with an average mRNA length of 8,796.95 bp, an average coding-sequence length of 1,105.59 bp, an 
average exon length of 284.56 bp, and an average of 4.97 exons number per gene (Table 4).

Functions of protein-coding genes were annotated by comparing predicted proteins sequences against 
the NCBI Non-redundant protein (NR) database (ftp://ftp.ncbi.nih.gov/pub/nrdb/), Universal Protein 
Knowledgebase (UniProt) database40, and Kyoto Encyclopedia of Genes and Genomes (KEGG) database41. 
Sequence comparisons were conducted using Diamond v2.0.11.14942 (-evalue 1e-5). Additionally, protein 
motifs and functional domains were identified using InterProScan v5.52-86.043 by screening against multiple 
databases, including ProDom, PRINTS, Pfam, SMRT, PANTHER, and PROSITE. In total, 39,153 genes, rep-
resenting 91.67% of the predicted protein-coding genes, were successfully annotated. Among these annotated 

This study Yang et al.11 Chen et al.12

Contig

  Number 164 1,110 2,901

  Length (bp) 2,731,073,632 2,799,196,719 2,834,193,068

  Minimum length (bp) 173,871 — 810

  Maximum length (bp) 120,153,141 97,951,534 56,657,728

  Average (bp) 16,652,888 — 976,971.07

  N50 (bp) 30,227,502 9,134,317 8,295,749

  N90 (bp) 8,501,241 1,251,635 1,378,773

Scaffold

  Number 34 309 —

  Length (bp) 2,731,086,632 2,799,276,919 2834.2

  Minimum length (bp) 173,871 — —

  Maximum length (bp) 155,807,329 139,364,153 151,371,763

  Average length (bp) 80,326,077 — —

  N50 (bp) 116,484,485 109,948,433 112,800,000

  N90 (bp) 82,385,971 75,970,413 68,159,171

  Complete BUSCO (%) 95.1 97.9 99.8

Annotation

  Number of gene 42,713 42,588 42,473

  Complete BUSCO (%) 97.6 95.2 —

Table 1.  Comparison of the three Wurfbainia villosa genomes.
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genes, 81.54%, 86.14%, 22.26%, 88.00%, 26.94%, and 59.54% of these genes matched annotations in UniProt, 
NR, KEGG, InterPro, GO, and Pfam databases, respectively.

Transfer RNAs (tRNAs) were identified using tRNAscan-SE v2.0.744. Other non-coding RNAs (ncRNAs), 
including microRNAs (miRNAs) and small nuclear RNAs (snRNAs), were predicted using Infernal v1.1.245 by 
screening against the Rfam database. In total, 1,000 rRNAs, 6,573 snRNAs, 219 miRNAs, and 1.434 tRNAs were 
predicted in the W. villosa genome.

Data Records
The NGS short reads, ONT long-reads, and Hi-C reads data have been deposited in the NCBI Sequence Read 
Archive with accession numbers SRR3296298346, SRR3313282247, and SRR3310308948. The genome assembly 
has been deposited in DDBJ/ENA/GenBank under the accession number JBNJRT00000000049. The chromo-
somal assembly and dataset of gene annotation have been deposited in the FigShare database50.

Technical Validation
Assessment of the genome assembly.  The integrity of the genome assembly was assessed by performing a 
sequence identity analysis. Short reads from a small-fragment sequencing library were selected and aligned to the assem-
bled genome using BWA v0.7.17-r118851. The alignment rate was approximately 99.67%, and a genome coverage reached 
approximately 95.56%, demonstrating high consistency between the sequencing reads and the assembled genome.

Chromosome Length (bp)

chr01 155,807,329

chr02 152,277,517

chr03 141,532,943

chr04 136,752,181

chr05 134,269,119

chr06 130,719,375

chr07 129,765,143

chr08 125,081,870

chr09 120,153,141

chr10 117,077,882

chr11 116,484,485

chr12 112,146,917

chr13 111,159,626

chr14 110,714,412

chr15 110,262,413

chr16 107,835,141

chr17 106,574,171

chr18 106,393,393

chr19 103,109,231

chr20 102,006,460

chr21 82,385,971

chr22 78,476,267

chr23 70,745,984

chr24 66,820,366

Table 2.  Length of pseudo-chromosome based on Hi-C data for Wurfbainia villosa.

Class Superfamily Length (bp) Fraction of genome (%)

Class I LTR/Copia 1,507,366,160 55.19

LTR/Gypsy 633,439,338 23.19

LINE 854,231 0.03

Class II TIR/CACTA 40,781,423 1.49

TIR/Mutator 63,714,455 2.33

TIR/PIF-Harbinger 6,012,941 0.22

TIR/Tc1-Mariner 1,976,824 0.07

TIR/hAT 18,721,029 0.69

Helitron 29,919,420 1.10

Unknown 123,318,167 4.52

Total 2,426,103,988 88.83

Table 3.  Classification statistics of repeat elements.
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The completeness of the genome assembly was evaluated using Benchmarking Universal Single-Copy 
Orthologs (BUSCO) v4.1.452 based on the embryophyta_odb10 dataset. The BUSCO analysis indicated that 
95.10% of complete orthologous genes were present in the assembly (Table 5). Additionally, 99.91% of assem-
bled sequences were successfully onto 24 chromosomes, demonstrating a high level of chromosome-level 
continuity. To further validate chromosome assembly accuracy, Hi-C reads were mapped to the final genome 
assembly using Juicer v1.6 and visualized using Juicebox v1.11.08. The resulting Hi-C interaction heatmap 
clearly displayed chromosome clustering, with significantly stronger interactions along diagonal positions than 
off-diagonal positions, indicating frequent interactions between adjacent sequences (Fig. 1E). This chromo-
somal clustering pattern aligns with established principles of Hi-C-assisted genome assembly, confirming effec-
tive genome anchoring and high assembly accuracy.

Assessment of the gene annotation.  Gene annotations were validated using BUSCO analysis, which 
indicated high annotation quality, with approximately 97.60% of complete BUSCO genes successfully detected 
(Table 5). Moreover, the number of predicted genes and structural characteristics of the annotated W. villosa 
genome were consistent with those of genomes closely related species, further confirming the reliability of the 
annotation results.

Code availability
All software and pipelines were executed according to the manual and protocols of the published bioinformatics 
tools. The version and code/parameters of the software have been detailed and described in Methods. No custom 
code was used during the compilation of the dataset.
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