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Chromosome-scale genome 
assembly of Korean goosegrass 
(Eleusine indica)
Solji Lee   1 & Changsoo Kim   1,2

Goosegrass, belonging to the genus Eleusine within the Chloridoideae subfamily, is often one of the 
problematic weeds with strong invasiveness, competing with crops for essential survival resources. 
Although a chromosome-level genome assembly of E. indica from China was published last year, the 
present research focuses on a population of E. indica native to South Korea. Considering the high 
genetic variability among wild E. indica populations, constructing multi-reference genomes from 
geographically distinct populations is crucial for comprehensive weed management strategies. In this 
study, we sequenced and assembled the whole genome using PacBio long read and Illumina short read 
sequencing platforms. We then combined Pore-C sequencing technology to successfully anchor 255 
contigs to nine pseudochromosomes. The chromosome-level genome assembly showed a high level of 
completeness with a 97% score according to BUSCO analysis results. Repetitive sequences accounted 
for 97% of the genome assembly, and 26,836 protein-coding genes were predicted. The high-quality 
genome assembly of E. indica will serve as a valuable genetic resource to enhance our understanding of 
weed control research.

Background & Summary
Eleusine indica, commonly known as goosegrass, is a globally distributed weed that competes with crops for 
essential resources in modern agriculture1. Known for its invasive nature and strong survival strategies2, this 
plant is an annual with a chromosome number of 2n = 2x = 18 and is a self-pollinating diploid species3. It adapts 
well to various habitats, including tropical and subtropical regions4, and shows high tolerance to extreme con-
ditions such as high temperatures, drought, and low mowing5. E. indica, commonly found in rice production 
areas6, produces about 40,000 seeds per plant and has a high tillering ability, causing significant crop yield 
losses7. To understand the adaptive strategies and evolutionary processes of the Eleusine genus, the development 
of high-quality reference genomes is essential.

Although a chromosome-level genome assembly of E. indica from China was completed and published last 
year8, this study focuses on a population of E. indica native to South Korea. Given the high genetic variability in 
wild E. indica populations9, constructing multi-reference genomes with geographically distinct populations is 
crucial. The Korean E. indica population represents a unique genetic pool that may exhibit significant differences 
due to local environmental pressures and adaptation mechanisms. Therefore, the aim of this study is to provide 
a comprehensive chromosome-level genome assembly of E. indica from South Korea, offering insights into the 
genetic diversity and potential adaptive traits specific to this population.

In this study, we constructed a high-quality chromosome-level genome assembly of E. indica using a com-
bination of PacBio long-read sequencing, Illumina short-read sequencing, and Pore-C sequencing data. The 
assembled genome size is approximately 478 Mb, with 98.48% of the genome successfully anchored to nine 
pseudochromosomes. Of the assembled genome, 59.76% consists of repeat sequences, of which 39.93% are 
transposable elements containing long terminal repeats (LTRs). Additionally, the genome includes 26,836 
protein-coding genes. These results indicate the high quality of the E. indica genome assembly, which will 
contribute to a broader understanding of the genomic landscape of E. indica. This underscores the impor-
tance of studying diverse populations to fully comprehend the genetic complexity and evolutionary dynam-
ics of E. indica. By providing a high-quality reference genome for the Korean E. indica population, our study  
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establishes a foundational resource that will contribute to a future pan-genome project for E. indica, enabling 
a comprehensive understanding of genomic diversity across populations. The E. indica genome assembly pre-
sented here serves as a valuable genetic resource for improving crop resilience and advancing effective weed 
management strategies.

Methods
Sample collection, genomic DNA and RNA extraction.  The seeds of E. indica were collected from 
the area around Geumnung, Jeju Province, South Korea (33′23″18.72,126′13″37.02), and are stored in the Plant 
Computational Genomics Laboratory at the College of Agriculture and Life Sciences, Chungnam National 
University. The seeds were germinated and grown in plastic pots measuring 40 cm by 30 cm containing wet soil 
in a greenhouse maintained at a daytime temperature of 25 °C and a nighttime temperature of 18 °C. After about 
a week, sprouts began to appear, and when the seedlings developed approximately 3 to 4 leaves, fresh young 
leaves of E. indica were collected, immediately frozen in liquid nitrogen, and stored in a −80 °C deep freezer for 
genome sequencing. High-quality HMW DNA was extracted using the Wizard HMW DNA extraction kit. The 
same young leaves used for genomic DNA extraction were also utilized for DNA and RNA extraction using a 
Smartgene plant DNA extraction kit and a Qiagen plant mini RNA extraction kit, respectively. The quality and 
purity of the extracted samples were assessed using a nano-MD spectrophotometer (Scinco, Seoul, South Korea) 
and gel electrophoresis.

Library preparation and sequencing.  The long read library was prepared using the PacBio SMARTbell 
prep kit 3.0 and SMARTbell barcoded adapter plate 3.0. Long-read sequencing was performed on a PacBio Revio 
sequencer using two Revio SMART cells, producing 18.97 Gb of raw data with an N50 length of 13.57 Kb and 
a total of 1,397,301 reads, covering approximately 39.7x of the genome (Table 1). The quality of the long-read 
sequencing data was high, with 91.48% of reads achieving a Q30 quality score. The short read library was pre-
pared using an Illumina TruSeq DNA Nano (550 bp) kit for paired-end sequencing, and sequencing was per-
formed on the Illumina NovaSeq 6000 platform according to the manufacturer’s instructions. This generated 
170,978,570 reads, yielding raw data covering approximately 54x of the genome (Table 1). Short-read sequencing 
achieved a Q30 of 86.815% and an average quality score of 35.1, indicating high sequencing accuracy suitable for 
genome assembly.

For RNA sequencing, libraries were prepared using an Illumina TruSeq stranded mRNA kit following 
the manufacturer’s guidelines, and sequencing was performed on the Illumina NovaSeq 6000 platform. The 
RNA-seq data were of excellent quality, with 95.87% of bases achieving a Q30 score and an average quality score 
of 36.32, ensuring high accuracy for downstream analysis. In total, 6.84 Gb of RNA-seq data were generated 
(Table 1), which provided a reliable foundation for protein-coding gene prediction.

Chromosome-level genome assembly.  The E. indica genome was assembled using PacBio HiFi long 
reads with a Phred score of Q20 or higher and NextDenovo v2.5.010. The initial draft genome consisted of 255 
contigs with a total size of 513 Mb and a contig N50 of 7.33 Mb (Table 2). For chromosome-level scaffolding, a 
Pore-C library was prepared. This involved crosslinking with formaldehyde, nuclei isolation, chromatin digestion 
with NlaIII, ligation of crosslinked DNA, protein degradation, and DNA extraction using phenol:chloroform:is-
oamyl alcohol (25:24:1). A 2 μg DNA sample was prepared for ONT sequencing with a SQK-LSK110 ligation kit 
(Oxford Nanopore Technologies, UK) and sequenced on a PromethION flowcell. Guppy v6.5.711 software gen-
erated raw fastq files, which were filtered with NanoPlot v1.41.612 (Phred quality ≥ 7), resulting in 37 Gb of data 
with an average quality score of 15.4 and an N50 of 2.22.

The filtered Pore-C fastq files and draft assembly were processed using Pore-C Snakemake v5.5.413 to create 
mnd files, utilizing 11.99 Gb of data. These files, along with the initial assembly, were then input into the 3D-DNA 
v18092214 pipeline to produce assembly files, with specific options (e.g., -i 10000, --polisher-input-size 1000000, 

Illumina PacBio Pore-C RNA-seq

Reads number 170,978,570 1,397,301 — 67,686,122

Data volume (Gb) 25.82 18.97 41.89 6.84

N50 (Kb) — 13,57 2.2 —

Coverage depth (x) 54 39.7 79 14.30

Table 1.  Summary of sequencing data used for genome assembly.

PacBio assembly Pore-C scaffolding

Count 255 148

Total 513,020,930 513,116,930

N50 7,332,240 58,942,792

Max 22,336,247 70,604,135

Average 2,011,846.78 3,467,006.28

Table 2.  Genome assembly data of E. indica.
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--splitter-input-size 1000000, -r 2, --editor-coarse-resolution 250000, --editor-coarse-region 1250000, -q  
0, --polisher-coarse-resolution 1000000, --polisher-coarse-region 30000000) used to optimize the process. Manual  
curation in JuiceBox v1.11.0815 generated the review.assembly file, which, together with the initial files, was 
further processed with 3D-DNA v190716 (option -i 15000) to finalize the corrected assembly. The resulting 
scaffolds were anchored to nine pseudochromosomes, yielding a chromosome-scale assembly with a total length 
of 505 Mb (Fig. 1).

Genome size estimation.  Before estimating the genome size, Illumina short reads were processed 
using Trimmomatic V0.4016 to remove low-quality reads and adapters. The genome characteristics of E. indica 
were assessed using a K-mer based method17. The distribution of the K-mer read depth was calculated using 
Jellyfish v2.3.118, extracting standard K-mers at k = 21. Genome size and heterozygosity were estimated with 
GenomeScope v2.017 using default parameters. The genome size of E. indica was estimated to be 478 Mb, with a 
heterozygosity rate of 0.68% (Fig. 2).

Fig. 1  Pore-C interaction heatmap of E. indica genome. Pore-C interaction matrix showing the pairwise 
correlations among nine pseudochromosomes.
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Repeat annotation.  To identify repetitive sequences, we first constructed a new repeat sequence library for 
the E. indica genome using RepeatModeler v2.0.419, which integrates RECON20 and RepeatScout21. We then used 
RepeatMasker v4.1.5 (http://www.repeatmasker.org) to search for repeats through de novo repeat libraries and 
homology-based repeat searches with RepBase22. LTR_FINDER v1.223 and GenomeTools v1.6.224’s LTR_harvest25 
were used to identify long terminal repeat retrotransposons (LTR-RTs). LTR_retriever v2.9.026 was employed to 
identify intact LTR-RTs among the candidate LTR-RTs, which were then used to calculate insertion ages. Repeats 
accounted for 59.76% of the genome, with most repeats being class I retrotransposons. LTR elements constituted 

Fig. 2  K-mer profile (k = 21) spectral analysis to estimate genome size.

Repeat Classes Number of elements Length (bp) Percentage (%)

SINEs 1,486 597,688 0.12

LINEs 15,459 9,291,981 1.84

LTR elements 161,985 201,755,317 39.93

DNA transposons 19,305 12,121,206 2.40

Rolling-circles 799 601,490 0.12

Unclassified 237,634 74,868,056 14.82

Total interspersed repeats 298,649,461 59.11

Small RNA 1,392 313,670 0.06

Satellites 0 0 0.00

Simple repeats 58,995 2,356,847 0.47

Low complexity 6,995 336,077 0.07

Table 3.  Summary of repetitive elements in the genome assembly of E. indica.
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39.93% of the genome, with Gypsy elements making up 23.76% and Copia elements 12.64%. Class II DNA trans-
posons accounted for 2.40% of the genome (Table 3 / Fig. 3).

Gene prediction and functional annotation.  The prediction of protein-coding genes in the assembled 
genome was performed using a combination of ab initio, homology-based, and transcriptome-based prediction 
methods. RNA-seq raw data were trimmed for quality using Trimmomatic v0.4016 and high-quality reads were 
aligned to the assembly using Hisat2 v2.2.127. Ab initio predictions were carried out using BRAKER v3.0.728 and 
SNAP v2006-07-2829. Protein sequences from Sorghum bicolor, Zea mays, Brachypodium distachyon, and Oryza 
sativa, downloaded from Phytozome, as well as Cynodon transvaalensis data provided by Dr. Xiangfeng Wang 
from the National Maize Improvement Center, College of Agronomy and Biotechnology, China Agricultural 
University, were used for homology-based gene prediction with GeMoMa v1.930. Transcriptome-based 
predictions utilized Cufflinks v2.2.131 and StringTie v2.2.132. The predicted genes were integrated using 
EvidenceModeler (EVM) v2.0.033.

To investigate the functions of the 26,836 predicted genes, they were queried against the NCBI viridiplan-
tae protein non-redundant (nr)34, Uniprot35, and EggNOG-mapper36, Gene Ontology (GO)37, (KEGG)38, and 

Fig. 3  Genomic features of E. indica. From the outermost to innermost track, the circular plot shows 
chromosome scale, gene density, repeat ratio, GC content, Copia abundance, Gypsy abundance, and LTR 
abundance.
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Pfam39 databases using DIAMOND v2.1.940. From the results, 97.01%, 96.12%, 92.24%, 37.85%, 41.99%, and 
81.35% of the protein-coding genes were annotated in the nr, Uniprot, eggNOG, GO, KEGG, and Pfam data-
bases, respectively (Table 4).

Data Records
The Illumina, PacBio, Pore-C, and RNA-Seq data of E. indica reported in this study are available in the NCBI SRA data-
base under the project accession SRP51096341. The accession numbers for the Illumina, PacBio, Pore-C, and RNA-Seq 
data are SRR29243660, SRR29243661, SRR29243662, and SRR29243659, respectively. The final chromosome assem-
bly can be found in the NCBI GeneBank database under the WGS project ID JBEWPU01 and the GeneBank accession 
ID GCA_040549725.141,42. The genome annotation data have been deposited in the Figshare database43.

Technical Validation
To ensure high-quality and comprehensive assembly, we validated the Korean E. indica genome using several 
metrics, focusing on BUSCO v5.5.044, LAI scores, and synteny analysis with the Chinese E. indica genome 
assembly. The genome and RNA data for the Chinese E. indica were downloaded from NCBI GenBank (acces-
sions JARKIM000000000 and JARKIL000000000) and CoGe (accession numbers id66361 and id66364), respec-
tively, both representing the Chinese E. indica species.

Database Number

NCBI NR 26,035

Uniprot 25,795

EggNOG 24,755

GO 10,157

KEGG 11,266

Pfam 21,830

Total 26,836

Table 4.  Functional annotation of the predicted protein-coding genes in E. indica genome.

Fig. 4  BUSCO analysis evaluated both genome assembly and protein-coding gene predictions, showing over 
98.7% completeness, indicating high-quality results.
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	 1.	 Assembly Completeness: Using BUSCO v5.5.0 with the Embryophyta odb10 dataset, we confirmed that 
96.8% of the orthologs were complete, with 2.47% missing and 0.68% fragmented, indicating robust gene 
coverage (Fig. 4). We also conducted further validation to strengthen gene annotation through BUSCO 
analysis on the predicted protein sequences, which confirmed the completeness of our annotation, with 
88.8% complete BUSCOs, 87.2% single-copy BUSCOs, and 1.6% duplicated BUSCOs (Table 5). This high 
completeness score is further supported by RNA-Seq data analysis using HiSat245, StringTie32, and gffcom-
pare46, which revealed an exon sensitivity of 69.3% and an intron sensitivity of 81.0%. Although tran-
script-level sensitivity was 33.5%, this is consistent with known challenges of capturing complex alternative 
splicing patterns using RNA-Seq data. This analysis identified 23.1% novel loci and 18.8% novel exons, 
contributing to previously unannotated gene elements (Table 6).

	 2.	 Genome Integrity: The LAI score, calculated using LTR_retriever26, averaged 17.75, underscoring the 
structural robustness of the Korean assembly. This score is comparable to the Chinese assemblies, demon-
strating the reliability of the assembly across genomic regions (Table 7).

	 3.	 Comparative Synteny and Annotation Quality: Synteny analysis conducted with MCScanX47 revealed that 
65.63% of genes are collinear between the Korean and Chinese E. indica GS genomes (Fig. 5), confirming a 
high level of conservation in gene order while also emphasizing structural variations unique to the Korean 
population. The gene annotation comparison showed a close alignment with the Chinese assemblies in 
terms of gene count and scaffold N50 (58.9 Mb vs. 57 Mb). To further assess the quality of our annotation, 
we compared key metrics between the Korean E. indica assembly and the Chinese GS and GR genomes. 
Although the gene count and exon structure are broadly similar, our annotation offers new insights into 
the evolutionary adaptations specific to the Korean E. indica population (Table 8). Together, the synteny 
analysis, BUSCO validation, and RNA-Seq alignment confirm the structural integrity and completeness of 

Validation Type Metric Result

BUSCO (Protein Mode)

Complete BUSCOs 88.80%

Single-Copy BUSCOs 87.20%

Duplicated BUSCOs 1.60%

Fragmented BUSCOs 4.10%

Missing BUSCOs 7.10%

Total BUSCO Groups 1614

RNA-Seq Validation

Exon Sensitivity 69.30%

Intron Sensitivity 81.00%

Transcript Sensitivity 33.50%

Novel Loci Identified 23.10%

Novel Exons Identified 18.80%

Table 5.  Summary of BUSCO and RNA-Seq validation metrics for the Korean E. indica genome.

Metric Sensitivity (%)

Base level 71.8

Exon level 69.3

Intron level 81

Transcript level 33.5

Locus level 33.5

Novel loci 23.1

Novel exons 18.8

Table 6.  RNA-Seq sensitivity metrics for assembly completeness of the Korean E. indica genome.

Genome Korea E. indica China GS E. indica China GR E. indica

Genome Size 478 Mb 491.85 Mb 491.04 Mb

BUSCO 98.70% 98.80% 98.80%

LAI 17.75 18.77 16.85

Predicted Genes 26,836 27,487 29,090

GC Contents 44.13% 44.16% 44.11%

Scaffold Number 143 108 60

Scaffold N50 58 Mb 57 Mb 51 Mb

Table 7.  Comparison of key genome assembly metrics between Korean and Chinese E. indica assemblies. ‘GS’ 
refers to the glyphosate-sensitive E. indica genome, while ‘GR’ denotes the glyphosate-resistant E. indica genome.

https://doi.org/10.1038/s41597-025-04490-2
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our assembly, showcasing both conserved genomic features and population-specific variations.These vali-
dation steps confirm that the Korean E. indica genome assembly is of high quality and contributes valuable 
genetic diversity insights, laying the foundation for future pan-genome studies.

Usage Notes
The chromosome-level genome assembly of the Korean E. indica population presented in this study provides a 
critical resource for understanding the genetic diversity and adaptive traits of this globally distributed and inva-
sive weed species. While a high-quality E. indica genome from a Chinese population was published in 20238, our 
research focuses on a geographically distinct population in South Korea, known for its high genetic variability 
due to its weedy origin. The genetic differences between populations from distinct geographical regions are 
significant for several reasons:

Fig. 5  Synteny plot between Korean and glyphosate-sensitive E. indica genomes. This synteny plot compares the 
Korean E. indica genome (y-axis) with the glyphosate-sensitive E. indica genome assembled in 20238 (x-axis). 
The diagonal lines indicate regions of conserved gene order (collinearity) between the two genomes, while 
off-diagonal elements represent structural variations, such as inversions or translocations, reflecting genetic 
differences between the populations.
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	 1.	 Ecological and Evolutionary Insights: Genetic diversity across E. indica populations can reveal how differ-
ent environmental pressures, such as climate, soil composition, and agricultural practices, drive local  
adaptations. This understanding is essential for developing strategies to manage E. indica as a weed in 
various regions, particularly in agriculture-intensive areas.

	 2.	 Population-Specific Adaptations: By studying a Korean population, researchers can explore genetic mecha-
nisms specific to this region, such as resistance to local herbicides, tolerance to regional stress factors (e.g., 
temperature or drought), and unique reproductive strategies. These insights are crucial for developing 
population-specific management and control measures.

	 3.	 Comparative Genomics and Pan-genome Studies: The data provided here lay the groundwork for future 
pan-genome projects that aim to capture the full genetic diversity of E. indica. Researchers can use this  
assembly in comparative studies with other E. indica genomes to investigate structural variations, gene family  
expansions or contractions, and evolutionary processes. This is especially relevant for understanding the 
genetic basis of traits like invasiveness and herbicide resistance.

Recommendations for Data Use: Researchers interested in comparative genomic analyses can integrate this 
assembly with the previously published Chinese genome to identify population-specific genetic features. We 
recommend using bioinformatics tools such as MCScanX for synteny analysis, OrthoFinder48 for orthologous 
gene comparisons, and CAFE49 for investigating gene family evolution. For those studying ecological adaptation 
or weed management strategies, the genome data can be used to identify genes linked to stress responses or 
metabolic pathways relevant to herbicide resistance.

Limitations and Considerations: While this assembly provides a robust and high-quality resource, users 
should consider that genetic variation may exist even within the Korean population. Additionally, environmen-
tal factors specific to South Korea may have shaped unique adaptations that may not be present in other regions.

Potential Applications: This genome assembly can aid in breeding programs for crop protection, the devel-
opment of region-specific herbicide resistance management strategies, and evolutionary studies of the Eleusine 
genus. Furthermore, our dataset complements existing genomic resources, enriching the overall understanding 
of E. indica’s adaptability and invasiveness.

Code availability
No specific script was used in this work. All bioinformatics tools used in this study followed their respective 
protocols and manuals. If specific parameters are not mentioned, the default parameters were used. The versions 
of the software used are indicated in the Methods section.
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