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A high-quality Chromosome-level 
genome assembly of Gynostemma 
guangxiense (Cucurbitaceae)
Xiao Zhang1, Hao Zhang2, Chen Chen1 & Yuemei Zhao3 ✉

Gynostemma guangxiense X. X. Chen & D. H. Qin, belonging to the family Cucurbitaceae, is a perennial 
creeping herbaceous plant endemic to China with potential medicinal and health value. Here, we report 
the high-quality chromosome-level genome of G. guangxiense obtained by integrating Illumina short 
read, PacBio high-fidelity (HiFi) long read, Hi-C, and RNA-Seq technologies. The genome is anchored 
to 11 pseudochromosomes with a total size of 565.18 Mb, with a scaffold N50 of 52.63 Mb, achieving a 
complete BUSCO of 98.00%. Furthermore, we identified 27,527 protein-coding genes, of which 97.75% 
were functionally annotated. This genome provides an important molecular foundation for adaptive 
evolution, genetic conservation, and effective development of valuable medicinal plant resources 
within the Gynostemma genus.

Background & Summary
Gynostemma guangxiense X. X. Chen & D. H. Qin (Cucurbitaceae) is a climbing leathery vine endemic to the 
limestone mountain forests in Guangxi Province, China. Its pedate leaves comprise (3-)5-7 ovate-elliptic or obo-
vate leaflets that are nearly glabrous. Although similar in growth habit and leaf morphology to G. pentaphyllum, 
it differs in its female flowers, which form 1-2-flowered cymes, and in its trigonous-spherical fruits1 (Fig. 1). 
Unlike G. pentaphyllum, G. guangxiense has a sweet taste, and its whole herb is traditionally used to treat hepati-
tis and chronic bronchitis2. Gynostemma is the only known genus besides Panax that produces dammarane-type 
saponins3. Gypenosides II, IV, VIII, and XII are structural homologs of ginsenosides Rb1, Rb2, Rd1, and Rf2, 
respectively4.

As an important sister species of G. guangxiense, G. pentaphyllum is a traditional Chinese herb having poten-
tial in treating hypertension, hyperlipidemia, and inflammation5,6, with additional health benefits including 
anticancer and immunomodulatory effects7,8. These medicinal value generate significant interest in the plants of 
the Gynostemma genus. However, the exclusive reliance on the widely distributed G. pentaphyllum has caused 
overexploitation and depletion of wild resources, leading to its classification as a national second-class pro-
tected species9. Comprehensive physiological, biochemical, and molecular studies across Gynostemma species 
are crucial for enhancing conservation efforts and broadening therapeutic applications. These researches will 
also resolve taxonomic uncertainties within this genus.

Previous metabolic studies on G. guangxiense have identified high leaf saponin and flavonoid content10,11, but 
reports on polysaccharides are scarce. Among the essential trace elements in the human body, Fe, Mn, Zn and 
Cu are the most important. These four elements are more abundant in G. guangxiense than in G. pentaphyllum, 
which has great development and utilization value12,13. Current genomic studies on G. guangxiense primarily 
cover chloroplast genome characterization14 and ISSR-PCR-based phylogenetics15. With the development of 
sequencing technologies, an increasing number of medicinal plant genomes have been sequenced and assem-
bled16. These studies have laid a good molecular foundation for the identification and utilization, quality screen-
ing, biosynthesis of important components, and genetic improvements of medicinal plant species.

Here, we present a high-quality chromosome-level genome assembly of G. guangxiense obtained by integrat-
ing Illumina short read, PacBio high-fidelity (HiFi) long read, Hi-C, and RNA-Seq technologies. The assembled 
genome size was 565.18 Mb with a scaffold N50 of 52.63 Mb, achieving a complete BUSCO score of 98.00%. A 
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total of 562.11 Mb (99.45%) of the assembled sequences was anchored to 11 pseudochromosomes. Genome 
annotation predicted 27,527 protein-coding genes, and the ratio of TE repetitive sequences was 67.38%. In con-
clusion, this reference genome of G. guangxiense provides valuable information that lays an important molecular 
foundation for adaptive evolution, genetic conservation, and the effective development of important medicinal 
plant resources within the Gynostemma genus in the future.

Methods
Sample collection and sequencing.  Healthy plant material was obtained from a female individual of G. 
guangxiense growing in Chongzuo, Guangxi, China (22.35°N, 106.86°E), and a voucher herbarium specimen was 
identified and deposited at the Institute of Botany of Shaanxi Province under the voucher number LB2006921 
(Fig. 1e). Genomic DNA was extracted from fresh young leaves following the protocol of the DNeasy Plant Mini 
Kit (QIAGEN, Hilden, Germany), and randomly fragmented. A paired-end short read (150 bp) library was con-
structed and sequenced on the Illumina NovaSeq platform under 250 bp - 700 bp insert. Approximately, 33.64 Gb 
(59.43 × coverage) of short read data were obtained. For HiFi sequencing (15 - 20 kb insert size), a 20 kb library 
was constructed following the protocol for the PacBio Revio platform, and circular consensus sequencing (CCS) 
was performed (Table 1). A total of 24.58 Gb of HiFi long clean reads with an N50 of 19,981 bp were obtained for 
de novo assembly (Table 1). A Hi-C library was also sequenced on an Illumina NovaSeq platform with paired-end 
reads of 150 bp.The experiment processes were including (1) live samples were treated with 1–3% formaldehyde at 
room temperature for 10–30 minutes; (2) cutting the genome with Thermo Scientific Hindlll restriction enzyme, 
and then repair the end and add biotin; (3) the interacting fragments were linked using T4 DNA ligase to form a 
ring; (4) using ultrasound to break the fragment again and the biotin-containing fragments were captured using 
magnetic beads to create libraries and sequenced. Finally, 62.32 Gb reads (110.10 × coverage) (Table 1) were gen-
erated. Total RNA was extracted from five tissues (terminal buds, mature leaves, stems, flowers and fruits) using 
TRNzol Universal Reagent (TIANGEN BIOTECH DP424), and uniformly mixed after leveling the concentration. 
The concentration of the extracted nucleic acids was determined with NanoDrop spectrophotometer (Qubit 4.0) 

Fig. 1  Morphology and genomic features of G. guangxiense. (a) habitat; (b) leaves; (c) male flowers (panicles); 
(d) female flowers (cymose); (e) A scan of the herbarium specimen of G. guangxiense (Collector: Xiao Zhang 
and Yuemei Zhao; Collection site: Longzhou, Chongzuo, Guangxi, China; Environmental conditions: Under the 
forests on the hillside).

Read types No. of clean bases No. of clean reads Length of N50 (bp) Q30 rate (%) GC(%) Coverage (×) Mapping rate (%)

Illumina 
short reads 30,289,621,088 220,451,660 — 96.04 34.35 59.43 99.68

HiFi reads 24,576,460,284 1,250,810 19,981 — — 43.42 99.94

Hi-C reads 58,564,559,478 396,427,114 47,452,197 96.68 35.86 110.10 98.74

RNA reads 10,512,350,572 71,009,204 — 97.66 42.09 — 99.39

Table 1.  The DNA and RNA sequencing statistics of G. guangxiense.
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and integrity was detected with Qsep 400. The RNA-seq library was constructed and sequenced on the Illumina 
NovaSeq platform with 150 bp paired-end reads, generating a total of 10.68 Gb of clean data for genome annota-
tion (Table 1).

Genome size estimation.  To determine the chromosomal ploidy of the sample, flow cytometry analysis 
was first conducted using a Partec CyFlow Space system (Jindi Future Biotechnology, Beijing, China), and a 
smudge plot was employed. Illumina short reads were filtered using fastp v0.23.417 software to remove adapters 
and low-quality reads. Thereafter, a total of 30.29 GB clean reads were used for genome survey analysis. A 31-bp 
k-mer with quality-filtered reads was counted and satisfied using KMC v3.2.118 to calculate genome size, repeat 
content, and heterozygosity. Subsequently, the K-mer data were fitted and analyzed using the skewed normal 
distribution model in GenomeScope v2.019 software. The final genome evaluation results showed that the genome 
size of G. guangxiense was approximately 554 Mb, with a heterozygosity of 4.21% and a repeat content of 53.5%, 
indicating that it was a complex genome (Fig. 2a).

Genome assembly.  After quality control, the PacBio HiFi reads were assembled into contigs using the 
Hifiasm v0.19.820 software with default parameters to obtain a preliminary assembly version of the genome, which 
was 803.27 Mb in size with a contig N50 of 44.97 Mb. The Hi-C clean reads were then aligned to the reference 
genome using Juicer v1.6 software21 with default parameters. To obtain valid pair reads, noisy reads, including 
low-quality reads, duplicated reads, single-ended reads, and reads of three or more positions aligned on the ref-
erence genome, were filtered, automatically clustered, sorted, and oriented using the YaHS software22 to generate 
Hi-C and assembly files. We then used Juicebox v1.11.0823 to manually inspect and adjust the draft assembly, 
and visualized the Hi-C contact maps of the genome assembly. Finally, approximately 562.11 Mb of scaffold was 
anchored to 11 longest scaffolds that were identified as pseudochromosomes, featuring a contig and scaffold N50 
value of 47.45 Mb and 52.63 Mb, respectively (Tables 2, 3, Fig. 2b). The complete BUSCO score for the assembly 
was 98.00% (Table 4). Although this complete genomic sequences was high-quality, there were still some gaps, 
such as at the end of Chr1 and in the middle of Chr2 and Chr4 (Table 3, Fig. 2b). These regions have high GC 
content and were repeat-rich regions which may represent potential centromeric and telomeric regions (Fig. 3).

Annotation of repeat sequences.  Repeat sequences constitute a substantial portion of the G. guangx-
iense genome (70.59%) and can be broadly classified into tandem repeats (TRs) and transposable elements (TEs) 
according to their distribution in the genome. First, Tandem Repeats Finder v. 4.0924 was used to search for TRs, 
and LTR elements were investigated using LTR FINDER v1.0725. And then, a non-redundant TE library of the 
G. guangxiense genome was constructed by extensive de novo TE annotator (EDTA) v1.026. TE repeat sequences 
were predicted using RepeatMasker27 with the default parameters. Finally, the results showed that the predicted 
proportion of TE repeat sequences was 67.38%, with long terminal repeats (LTRs) and long interspersed nuclear 
elements (LINEs) accounting for 44.55% and 2.05% of the genome, respectively (Table 5).

Annotation of non-coding RNAs.  Based on the assembled genome sequence, software INFERNAL 
v1.1.428 trained on Rfam v14.829 wes used to predict the non coding RNA (ncRNA) of the genome. Meanwhile, 
tRNAscan-SE v2.0030 with parameter “--thread 4 -E -I” was used to predict tRNA, and RNAmmer v1.2031 with 
parameter “-S euk -m lsu,ssu,tsu -gff ” was used to build models to predict rRNA and its various subunits. The 
final results were further integrated to obtain the prediction results of ncRNA in the G. guangxiense genome. In 
total, 696 tRNA, 4,282 rRNA and 692 ncRNA were indentified, respectively (Table 6).
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Fig. 2  Genome size estimation and Hi-C heatmap of G. guangxiense. (a) Genome size estimation by 17-K-mer 
analysis. (b) Heatmap of pseudochromosomes after Hi-C assisted assembly.
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Gene prediction and functional annotation.  The presence of repeat sequences often makes it diffi-
cult to predict and annotate encoding genes. In this study, we shielded the TE sequences before predicting the 
encoding genes. Protein-coding gene annotation was performed using a combination of ab initio-, homology-, 
and transcriptome-based prediction methods. For ab initio prediction, Augustus v3.5.032 and GeneMark-ES 
v5.133 were employed to predict protein-coding genes. Second, the protein files of five species (G. pentaphyllum, 
Momordica charantia, Cucumis sativus, Nicotiana tabacum and Arabidopsis thaliana) were downloaded from the 
National Center for Biotechnology Information (NCBI) and aligned to the query genome as homologous proteins 
using GeMoMa v1.9034. Third, quality-controlled RNA-Seq data from the five tissues were mapped onto assem-
bled genomes using HISAT2 v.2.2.135. Based on the alignment results, the mapped reads were assembled using 
StringTie v1.3.3b36, and PASA v2.5.237 was used to predict the UTR and variable splicing regions of the initially 
obtained gene set. To obtain the final non-redundant gene set, Evidence Modeler v1.1.138 was used to combine 
the three gene datasets with weights of 1, 1, 5, and 10 for GeneMark, Augustus, GeMoMa, and PASA, respectively. 
We also assessed the completeness of the gene set based on comparisons with the plant single-copy ortholog gene 
database (Embryophyta_odb10) using BUSCO v4.0.639. The results showed that 96.59% of the Embryophyta 
odb10 gene set was completely covered by genome annotations (Table 4). The gene sets obtained from gene struc-
ture annotations were searched against six known protein databases including the NCBI non-redundant pro-
tein (NR), Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Ontology (GO), Eukaryotic Orthologous 

Genomic feature Value

Total genome size (bp) 565,181,624

pseudochromosomes number 11

pseudochromosomes length (bp) 562,106,698

Contig number 80

Contig N50 (bp) 47,452,197

Contig N90 (bp) 18,294,638

Scaffold number 68

Scaffold N50 (bp) 52,626,209

Scaffold N90 (bp) 44,970,829

Largest scaffold length (bp) 62,093,050

HIC Anchor ratio (%) 99.45

Protein-coding gene number 27,527

Table 2.  Statistics of the G. guangxiense genome assembly and annotation.

ID Length (bp) No. of gaps

Chr1 56,234,087 4

Chr2 54,742,393 2

Chr3 44,970,829 0

Chr4 47,118,517 4

Chr5 38,281,868 1

Chr6 47,829,778 1

Chr7 62,093,050 0

Chr8 51,889,994 0

Chr9 52,699,468 0

Chr10 52,626,209 0

Chr11 53,620,505 1

Table 3.  Summary of the eleven pseudochromosomes.

Type

Assembly Annotation

Number Percentage (%) Number Percentage (%)

Complete BUSCO (C) 1,582 98.00 1,559 96.59

Complete and single-copy BUSCO (S) 1,292 80.00 1,523 94.36

Complete and duplicated BUSCO (D) 290 18.00 36 2.23

Fragmented BUSCO (F) 23 1.40 11 0.68

Missing BUSCO (M) 9 0.60 44 2.73

Total BUSCO groups searched 1,614 100.00 1,614 100.00

Table 4.  The BUSCO results of assembly and annotation.
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Groups (KOG), InterPro, and Swiss-Prot using BLAST v2.2.3140 with an e-value less than 1e-5. In total, 27,527 
protein-coding genes were predicted, of which 97.75% were functionally annotated (Tables 2, 7).

Data Records
The clean Illumina reads, PacBio HiFi reads, Hi-C reads and RNA-seq reads for the G. guangxiense genome has 
been deposited in the NCBI Sequence Read Archive (SRA) database under accession number SRR3203022941, 
SRR3203022842, SRR3203022743, and SRR3203022644, respectively, under BioProject accession number 
PRJNA120968645. The final chromosome assembly is available in the National Center for Biotechnology 
Information (NCBI) GenBank under the accession No. JBLAST00000000046. The genome and its repeat anno-
tation for G. guangxiense have been uploaded to figshare under accession number 2828317447 and 3008636248. 
Details and summary of functional annotation of G. guangxiense has been uploaded to figshare under accession 
number 3020430149.

Technical Validation
The completeness of the assembly and annotation was assessed based on the Embryophyta odb10 database 
using BUSCO v4.0.6, with default parameters. The assembly completeness of BUSCO was 98.00% (n = 1,614), 
and the annotated proteins completeness of BUSCO was 96.59% (n = 1,614) (Table 4). Clean Illumina, HiFi 
and RNA-Seq reads were mapped onto the assembled genome using BWA v0.7.1550, minimap2 v2.2851, and 
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Fig. 3  Genome map of G. guangxiense. (a) The 11 pseudochromosomes. (b) GC content. (c) Total repeat 
sequences density. (d) TE density. (e) TR density. (f) Gene density. (g) Intragenomic collinearity.
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HISAT235 to assess the genomic integrity and accuracy. The mapping reads were 99.68%, 99.94%, and 99.39%, 
respectively. These results indicated that the G. guangxiense genome assembly was of high quality.

Class Order Super family Number of elements Length of sequence (bp) Percentage of sequence (%)

Class I 400,323 263,342,926 46.59

LTR 363,672 251,773,205 44.55

Gypsy 175,983 163,724,046 28.97

Copia 93,454 47,383,137 8.38

Unknown 93,985 40,641,224 7.19

Other 250 24,798 0

LINE 36,650 11,569,681 2.05

L1 36,576 11,563,975 2.05

Other 74 5,706 0

SINE 1 40 0

Other 1 40 0

Class II 457,921 117,502,812 20.79

DNA 390,126 85,056,003 15.05

Helitron 228,045 39,968,025 7.07

DTM 69,072 16,012,087 2.83

MULE-MuDR 6,612 2,381,050 0.42

DTC 35,463 13,690,314 2.42

DTA 28,128 7,708,415 1.36

DTH 13,785 2,991,356 0.53

CMC-EnSpm 5,517 1,623,425 0.29

Other 3,504 681,331 0.12

MITE 66,482 32,140,153 5.69

DTA 13,435 2,408,814 0.43

DTM 47,664 29,206,667 5.17

Other 5,383 524,672 0.09

RC 1,313 306,656 0.05

Other 1,313 306,656 0.05

Total TEs 858,244 380,845,738 67.38

Tandem Repeats 16,071 1,517,360 0.27

Low complexity 29,337 1,444,478 0.26

Simple repeats 131,760 5,211,869 0.92

Unknown 58,993 9,958,107 1.76

Other 124 9,431 0

Total Repeats 1,094,529 398,986,983 70.59

Table 5.  Statistics of repeat sequences in the G. guangxiense genome.

Type Number Average_length (bp) Total_length (bp) Percentage (%)

tRNA 696 75.01 52,207 0.0092

regulatory 8 56.25 450 0.0001

rRNA 4,282 510.58 2,186,320 0.39

18S 15 952.93 14,294 0.0025

28S 150 3,363.76 504,564 0.089

5.8S 196 153.38 30,062 0.0053

5S 3,409 118.12 402,678 0.071

ncRNA 692 115.18 79,703 0.0141

snRNA 494 105.32 52,030 0.0092

miRNA 83 127.43 10,577 0.0019

spliceosomal 87 142.23 12,374 0.0022

other 28 168.64 4,722 0.0008

Table 6.  Statistics of non coding RNA in the G. guangxiense genome.
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Data availability
The final chromosome assembly of G. guangxiense is available in the GenBank under the accession No. 
JBLAST000000000. The clean sequencing reads generated from three platform-specific sequencing runs, along 
with the final genome assembly, have been deposited in the NCBI Sequence Read Archive (SRA, accession 
numbers: SRR32030226 - SRR32030229).

Code availability
The software utilized in this study were executed in strict adherence to the official guidelines of published 
bioinformatics programs. Anything not mentioned in Methods was run with default settings. No custom codes 
were used.
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