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A high-quality chromosome-scale 
genome assembly of the wild 
sorghum (Sorghum virgatum)
Xiaojian Fang   1, Leina Zhou1 & Zhongwei Lin1,2 ✉

Sorghum virgatum (Sv) is a wild subspecies of sorghum (Sorghum bicolor ssp. Verticilliflorum (L.) 
Moench). We employed Hi-C sequencing and HiFi technology in this study, successfully assembly a high-
quality genome for Sv. This assembled genome is 795 Mb in total and scaffold N50 is 62.47 Mb. Within 
the Sv genome, 27,851 protein-coding genes were predicted. Repeat annotation detected 563.96 Mb 
of repetitive elements, making up 71.86% of the genome. This chromosome-level sv genome offers 
valuable insights to support comparative genomic studies within the Poaceae family, and it will aid 
genome-driven breeding and germplasm enhancement for modern sorghum.

Background & Summary
Sorghum (Sorghum bicolor (L.) Moench) ranks among the world’s five staple cereal crops1. It holds a key role 
in global food production and acts as a main calorie source for populations in the semi-arid tropics of Africa 
and Asia2,3. Sorghum comprises four wild ancestral subspecies: aethiopicum, arundinaceum, verticilliflorum, 
and virgatum4,5. Primarily distributed in Africa, the arundinaceum subspecies is characterized by its large and 
exposed inflorescence along with flexible branches without basal division. The aethiopicum subspecies features a 
relatively small and contracted panicle and it commonly distributed across the African Sahel. The verticilliflorum 
subspecies, native to Africa and Madagascar, is distinguished by a large, open inflorescence, with spreading 
branches that divide at the base. The virgatum subspecies, characterized by a narrow inflorescence and long, lin-
ear leaf blades, is common in northeastern Africa6. These four wild subspecies can interbreed with one another 
and also hybridize with modern cultivated sorghum4.

Among sorghum’s four wild subspecies, Sorghum virgatum (Sv) is marked by extremely narrow leaves (usually less 
than 2 cm in width) and slender inflorescences with short branches (Fig. 1a). This species is mainly distributed along 
riverbanks and irrigation channels in central Sudan. Sv shows strong stress tolerance, differs significantly in phenotype 
from cultivated sorghum, and can hybridize with cultivated varieties. This renders it a valuable resource for exploring 
key domestication genes. Previous research has used recombinant inbred line (RIL) populations from crosses between 
Sv and the cultivated sorghum Tx430 to successfully map the Sh1 gene linked to seed shattering7. A total of 24 QTLs 
for various traits were found in F2:3 populations derived from the crosses between Sv and the cultivated variety Tx6238. 
Furthermore, the AWN1 gene controls awn development, was cloned in the RIL population between Sv and Tx6239. 
Thus, Sv as a crucial genetic resource, making it necessary to analyze its genomic information.

In this study, we assembled a high-quality genome for Sv. By using HiFi sequencing and Hi-C technology, we 
successfully build a high-quality genome composed of 10 chromosomes (Fig. 1b). The assembled genome size is 
795 Mb, and it scaffold N50 is 62.47 Mb (Supplementary Tables 1, 2). The BUSCO analysis showed 98.02% com-
pleteness, and the LAI index is 22.08, reached reference genome-level quality (Supplementary Table 3). About 
71.86% of the genome was detected as repetitive sequences, including 54.99% LTR retrotransposons, 7.90% TIR 
elements and 0.77% LINE elements (Supplementary Table 4). By combining of RNA-seq data, homology-based 
annotation, and ab initio prediction, we found a total of 27,851 protein-coding genes (Supplementary Table 5). 
Comparative genomic analysis with Sorghum bicolor (v3) revealed syntenic regions and identified a total of 
30,472 PAVs (presence/absence variants), 4,279,067 SNPs (single nucleotide polymorphisms) and 725,689 
InDels (insertions/deletions) (Fig. 1c, and Supplementary Table 6). This high-quality wild sorghum Sv genome 
will act as a valuable resource for understanding the shift from wild to cultivated sorghum, providing a solid 
reference for future research.
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Methods
Sv sequencing and assembly.  High-quality genomic DNA was extracted from fresh Sv leaf tissue, pro-
cessed for library preparation following PacBio protocols. Beijing Annuo Biotech conducted HiFi data using 
the PacBio Sequel II(v4.2.0) to generate circular consensus sequences. Genomic DNA extraction employed the 
CTAB method. For PacBio HiFi reads, a 15 Kb library was constructed with the SMRT bell Express Template 
Prep Kit (3.0). Library preparation included DNA shearing, damage repair, end repair, hairpin adapter ligation, 
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Fig. 1  Phenotypes of Sv and an overview of its genome assembly. (a) The phenotypes of Sorghum virgatum 
(Sv). Scale bar, 10 cm. (b) Hi-C contact heatmap for the assembled chromosomes. (c) Circular views of the Sv 
genome. The circles, from outer to inner, represent the densities of genes (I), transposable elements (II), SNPs 
(III), insertions and deletions (IV), and presence/absence variants (PAVs) (V).
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size selection. After quality control, the SMRT bell library was sequenced on a single SMRT Cell using the PacBio 
Revio platform. For Hi-C reads, the library was prepared from cross-linked chromatin extracted with standard 
Hi-C protocol. The library was sequenced on the DNBSEQ platform to produce 2 × 150 bp paired-end reads. 
Total RNA was taken from roots, leaves, stems, seeds, and tassels using TRIzol reagent in line with the standard 
procedure. For Illumina paired-end sequencing, mRNA was reverse-transcribed into cDNA, and five libraries 
with a 350 bp insert size were put together using the TruSeq RNA Library Preparation Kit (Illumina, USA) as per 
the manufacturer’s guidelines. Sequencing was done on the NovaSeq 6000 Platform in PE150 mode. Genome 
assembly use the “-l 0” mode by hifiasm software (v0.16.1)10. Hi-C data were matched to the assembled genome 
by the juicer pipeline (v1.5.7), followed by genome scaffolding using 3D-DNA (v1.8) software, parameter is “-r 
0”11,12. Assembly mistakes were manually corrected using Juicebox software (v1.11.08)11. The final chromo-
somal-level genome was built by 3D-DNA software12. The completeness and quality of the genome assembly 
were checked using BUSCO (v5.2.2), using “embryophyta_odb10” database13. Besides, the LTR Assembly Index 
(LAI) was calculated to assess assembly quality using LTR Harvest, based on set standards: 0 ≤ LAI < 10, Draft; 
10 ≤ LAI < 20, Reference; 20 ≤ LAI, Gold14.

Genome annotation.  Transposable element annotation is using EDTA pipeline (v1.9.5) and repeat libraries 
used is from the Maize Transposon Element Consortium (MTEC; https://github.com/oushujun/MTEC)15. Following 
repeat masking of the Sv genome through RepeatMasker (v4.0.8) software, parameter is “-pa 30 -s -html -gff ”.  
The treated sequence was applied to subsequent protein-coding gene prediction. Gene model construction 
combined a multiple analytical framework. De-novo prediction via Augustus (v2.4) with standard parameters16; 
comparative genomic analysis against six representative plant species (Sorghum bicolor17, Arabidopsis thaliana18, 
Oryza sativa19, Setaria italica20, Triticum aestivum21, and Zea mays22) by GenomeThreader (v1.7.1), parameters 
is “-intermediate -gff3out”, with redundant sequences filtered by CD-HIT (v4.6) with standard parameters23; 
transcriptomic evidence from RNA-seq data encompassing five Sv tissues (roots, leaves, stems, seeds, tassels). 
Transcriptome assembly was performed with Trinity (v2.13.2), parameters is “--seqType fq --max_memory 
50 G --CPU 6”, alignment to the genome was executed with PASA (v2.0.2), using standard parameters24,25. Final 
gene model integration was combination with EvidenceModeler (v1.1.1) software, the parameters is “-weights 
ABINITIO_PREDICTION 1, TRANSCRIPT 8, PROTEIN 5”, and then structural refinement through the PASA 
pipeline to produce consensus annotations24,26.

SNPs and SV calling and genomic comparison.  Single nucleotide polymorphisms(SNPs) and 
short insertions/deletions(Indels) (<50 bp) were identified using the MUMmer (v4.0) software27,28. Initial 
whole-genome alignments were created via NUCmer, parameters is “-mum -g 1000 -c 90 -l 40”, then strict filter-
ing using delta-filter, parameters is “-r -q”, to establish a clear 1:1 genomic correspondence. Variant calling was 
conducted via show-snp, parameters is “-Clr”, analysis on filtered alignment blocks. For detecting large-scale 
structural variations (100–100,000 bp), the assembly platform was used to process NUCmer outputs29. Gene col-
linearity patterns were identified using MCScanX (v1.63) with strict orthologous gene pairs7. Multidimensional 
genomic features (including gene counts, structural variants, SNPs, and indels) were visualized using Circos 
(v0.69-8) to plot genome architecture relationships (https://circos.ca/).

Data Records
Data supporting the findings of this work are available within the paper and its Supplementary Information files. 
The PacBio HiFi long-reads, Hi-C reads, and RNA-Seq datasets have been deposited in the National Genomics 
Data Center (NGDC; BioProject PRJCA03588130) under accession numbers CRA02278131, CRA02555832, 
CRA02277933. These data have also been uploaded to the NCBI Sequence Read Archive (SRA; https://www.
ncbi.nlm.nih.gov/sra) with accession identifiers SRR3359707934, SRR3361327035 and SRR3358538136. The 
chromosome-scale genome assembly has been submitted to NGDC under accession GWHFJJD00000000.137 
and has also been deposited in NCBI GenBank GCA_051168655.138. Genome annotation files, including struc-
tural gene models and functional predictions, are publicly available through FigShare (https://doi.org/10.6084/
m9.figshare.29063117.v1)39.

Technical Validation
Assessment of the genome assembly.  Genome integrity assessment was performed using BUSCO 
(v5.2.2) based on the “embryophyta_odb10” database13. Furthermore, we mapped DNA sequencing reads to the 
assembled genome using HiFiasm10.

Assessment of the gene annotation.  The annotation of the protein-coding genes (PCGs) demon-
strated a high degree of completeness, as reflected by a BUSCO score of 98.02%, of which 95.66% were complete 
single-copy genes, and 2.35% were duplicated (Supplementary Table 3), indicating high-quality annotation of the 
predicted gene models.

To evaluate the assembly quality, the LTR Assembly Index (LAI) was calculated using LTR Harvest according 
to established criteria: Draft (0 ≤ LAI < 10), Reference (10 ≤ LAI < 20), and Gold (20 ≤ LAI) classifications14. 
The LAI index reached 22.08 indicating a high-quality genome assembly.

Data availability
The dataset is available at the NCBI Sequence Read Archive (SRA; https://www.ncbi.nlm.nih.gov/sra) with 
accession identifiers SRR33597079, SRR33613270 and SRR33585381.
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Code availability
All software and pipelines were executed according to the manuals and protocols of the published bioinformatic 
tools. All software used in this work are publicly available, with versions and parameters clearly described in 
Methods. No custom code was used during the compilation of the dataset.
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