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" The green slender planthopper (Saccharosydne procerus) is a significant pest for water bamboo

. (Zizania latifolia), which is an economically important aquatic vegetable cultivated in East Asia for its

. edible swollen shoot. Despite its agricultural impact, the molecular basis of S. procerus’s ecological
adaptations remains poorly understood. To address this gap, we assembled the first reference genome
. of S. procerus at the chromosomal level using ultra-low input PacBio HiFi libraries and Hi-C sequencing.
. The genome size is 752.84 Mb, with a contig N50 size of 1.88 Mb and scaffold N50 size of 63.55Mb.

© Atotal of 97.52% of assembled sequences were anchored to 14 pseudo-chromosomes, and BUSCO

. analysis yielded an Insecta completeness score of 94.8%. A total of 24,349 protein-coding genes were

. annotated and 310.78 Mb repetitive sequences occupying 41.28% of genome were pinpointed. Our

. study presents the first high-quality genome assembly of S. procerus, laying the foundation for further
. studies on its genetic characteristics and pest management.

. Background & Summary

. Water bamboo Zizania latifolia (Griseb.) belonging to the Oryzeae of the Gramineae, is an asexual aquatic veg-
. etable with an edible swelling gall (Fig. 1a). Water bamboo is cultivated at scattered locations in some east Asian
© countries such as Japan, South Korea, and China for more than 2000 years"* The green slender planthopper
* Saccharosydne procerus (Hemiptera: Delphacidae) is a major pest for water bamboo. Both S. procerus adults and
. nymphs feed on sap and thus cause leaf chlorosis and stunted growth, resulting in yield losses of up to 80%°.
. This pest also infests rice but shows strong preference for water bamboo in a rice-water bamboo co-cultivated
: system®. Additionally, honeydew secreted by green slender planthoppers facilitates sooty mold proliferation
- and increase host susceptibility to secondary pathogens, including Helminthosporium leaf spot and rust fungi®.
: Current management strategies for green slender planthoppers predominantly rely on chemical pesticides, but
© the efficacy of chemical control is significantly diminished because of its small body size (3-7 mm) (Fig. 1a),
© high mobility, and rapid reproductive rate®. In addition, extensive application of pesticides poses risks to human
. health, the environment, and pesticide resistance evolution.

Although S. procerus is an insect pest for water bamboo, it plays a key ecological role in rice-water bam-
. boo co-cultivated paddies: its eggs serve as an alternative host for the parasitic wasp Anagrus nilaparvatae
° (Hymenoptera: Mymaridae). In rice paddies, A. nilaparvatae is an important biological control agent for the
. brown planthopper Nilaparvata lugens, the most destructive insect pest of rice in China”®. The rice-water bam-
: boo co-cultivation system helps stabilize wasp populations when rice fields are disturbed by harvesting or pesti-
: cide use*. However, a lack of genomic resources for S. procerus has hindered our understanding of its population
© genetics, adaptive mechanisms, and interactions with natural enemies. This knowledge gap has limited the
. development of effective, sustainable pest management strategies.
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Fig. 1 Characteristics of the S. procerus genome. (a) water bamboo (Z. latifolia) with a swelling gall and the
slender planthopper S. procerus. (b) S. procerus genome size estimation by K-mer distribution (K=21). The
x-axis represents the K-mer depth and the y-axis is the corresponding frequency. (c) Heatmap of Hi-C contact
frequency across the S. procerus genome. (d) Circos plot of the S. procerus genome assembly.

In this study, a high-quality genome of S. procerus was de novo assembled from low-input genomic DNA of
a single individual, using an ultra-low input approach and Hi-C (High-throughput chromosome conformation
capture) technology. This genome provides insights into the evolutionary and genetic mechanisms behind
S. procerus’s ecological adaptability and its interactions with host plants and natural enemies. It also lays a foundation
for sustainable pest management strategies, including identifying adaptable strains and developing genetic tools
for biological control.

Methods

Insect. . procerus was originally collected in Hangzhou, Zhejiang Province, China, in 2024. The population
was reared on water bamboos in a walk-in incubator at 26 °C under a photoperiod of 16:8 hours (light:dark), and
relative humidity of 65%.

Genome survey. Before genome assembly, the genome size, heterozygosity, and repeat content were esti-
mated using a Kmer-based method with Illumina sequencing data in Jellyfish v2.3.0%, and the results were further
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Statistics
Number of scaffolds 334
Number of contigs 845
Genome size (bp) 752,845,220
Scaffold N50 (bp) 63,548,063
Contig N50 (bp) 1,882,825
Chromosome/total 97.52%
GC content (%) 35.28
Protein-coding gene 25,219

Table 1. Summary of the S. procerus genome assembly.

Pseudomolecule | Length (bp)
chrl 176,275,713
chr2 85,881,588
chr3 63,842,124
chr4 63,548,063
Chr5 53,745,909
chré 51,573,254
chr7 46,143,111
chr8 41,918,599
chr9 40,905,903
chr10 32,382,405
chrl1 31,225,671
chri2 23,788,616
chr13 13,638,171
chr14 9,423,431

Table 2. Pseudo-chromosome length of S. procerus by Hi-C.

analyzed with GenomeScope v2.015' (Fig. 1b), yielding a genome size of S. procerus 762.19 Mb and a heterozy-
gosity rate of 1.11%.

Ultra-low input DNA sequencing. The HiFi library was constructed as our previous report!! Briefly, a
single adult male was washed with 75% ethanol and PBS, and then cleaned by removing the gut. Genomic DNA
(gDNA) was extracted using the FineOut animal tissue DNA kit and its integrity was confirmed using the Femto
Pulse system. The gDNA was fragmented using the Megaruptor 3 system and purified with ProNex beads. After
PCR amplification, the SMRTbell library was constructed and size-selected with the BluePippin system, aiming
for a 10 Kb insert size. The final 84.21 Gb of HiFi reads were used for de novo genome assembly.

To construct a high-quality genome assembly, PacBio HiFi reads were firstly converted from BAM to
FASTA format using the bam2fasta tool in SMRT Link (v10.1)'? with the parameters -c 1 -o prefix. Genome
assembly was then performed using hifiasm v0.19.5'* with default settings, generating an initial draft assem-
bly. Redundancy in the assembly was minimized using purge_dups v1.2.5'* with the parameters —2 -T. The
final assembly resulted in a genome size of 765.58 Mb with a contig N50 of 1.16 Mb. The completeness of the
assembled genome was assessed using BUSCO v5.4.4'%, which confirmed its high quality and completeness for
downstream analyses.

Hi-C library construction and sequencing. For Hi-C sequencing and scaffolding, a pooled sample of
30 fifth-instar nymphs was crosslinked and quenched as described in our previous study!!. Hi-C libraries were
then constructed and sequenced on the Illumina NovaSeq X Plus platform. The draft genome was assembled
to the chromosomal level using Hi-C data with Juicer v1.6.20' (https://github.com/aidenlab/juicer.) and Yahs
v1.21" (https://github.com/c-zhou/yahs.). Visualization of contigs and scaffolds was performed using Juicebox
v1.11.08'8. The final S. procerus genome assembly measured 752.84 Mb with a contig N50 of 1.88 Mb (Table 1),
with 97.52% of contigs anchored to 14 pseudo-chromosomes (Fig. 1c, d; Table 2).

Transcriptome sequencing. For assisting gene annotation, we prepared transcriptomes of S. pro-
cerus from eggs, nymphs (1st, 2nd, 3rd, 4th, and 5th), adult females and males. In addition, seven represent-
ative tissues including antennae, head, fat body, digestive gut, salivary gland, ovary, and testis were collected
for RNA-sequencing (RNA-seq). RNA extraction and sequencing were performed as described in our previous
study'!, and the obtained reads (Table 3) were used for subsequent genome annotation.

Gene prediction and annotation. RepeatMasker v4.1.2" with default parameters (http://repeatmasker.
org/RepeatMasker) was applied to identify the repetitive sequences, encompassing interspersed repeats and
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Filename Reads number (Mb) Bases (Gb) | Q30%
Ist_nymph 40.0 6.0 95.19
2nd_nymph 40.0 5.9 94.58
3rd_nymph 38.7 5.8 94.20
4th_nymph 40.3 6.0 94.32
5th_nymph 41.1 6.2 95.02
Male 39.1 59 95.52
Female 39.6 5.9 94.62
Fat body 40.0 6.0 95.14
Antennae 46.5 7.0 95.95
Digestive gut 40.0 6.0 95.70
Head 40.0 6.0 95.31
Ovary 40.7 6.1 95.51
Salivary gland 43.5 6.5 95.16
Testis 40.0 6.0 95.86
Table 3. Summary of RNA-Seq data in this study.
Type Number of elements Length (bp) | Percentage (%)
DNAs 146,804,882 168,297,294 21.35
LTRs 249,340 54,140,966 7.2
LINEs 203,510 38,565,545 5.12
SINEs 1,022 104,848 0.01
Simple repeat 889 78,322 0.01
Others 201,179 56,185,458 7.46
Unknown 129,874 21,467,929 2.85
Total repeats 1,608,933 310,784,401 41.28

Table 4. Annotation of repeat elements in the S. procerus genome. Abbreviations: LTRs, long terminal repeats;
LINEs, long interspersed nuclear elements; DNAs, DNA elements; SINEs, short interspersed nuclear elements.

transposable elements (TEs). Then RepeatModeler v2.0.32° with default parameters (http://www.repeatmasker.
org/RepeatModeler) and Repbase library*! (https://www.girinst.org/repbase) assisted to cluster the repeats by
building a de novo repeat library. A total of 1,608,933 bp (41.28% of the genome) repetitive elements were iden-
tified, of which 33.22% was TEs, including long interspersed nuclear elements (LINEs) (5.12%), long termi-
nal repeats (LTRs) (7.20%), short interspersed nuclear elements (SINEs) (0.01%), and DNA elements (DNAs)
(21.35%) (Table 4).

Protein-coding gene annotation was performed using a combination of homology-based,
transcriptome-based, and ab initio prediction methods. First, we used homologs from the selected Delphacidae
species (N. lugens, Sogatella furcifera, and Laodelphax striatellus) as protein-based evidence for predicting
gene sets using Miniprot v0.12?2. RNA-seq reads were mapped using HISAT2 v2.2.1%*, and ab initio prediction
was conducted using AUGUSTUS v3.5.0%, trained with the transcriptome data. Finally, Protein-coding gene
annotations from the three strategies was integrated using EvidenceModeler v2.1.0° (parameters:-segment-
Size 800000-overlapSize 20000) to produce the final consensus gene set. This integrated annotation resulted in
24,349 protein-coding genes, and a BUSCO completeness score of 90.2% complete. Functional annotation of the
predicted gene models was performed by searching against several databases, including Swiss-Prot, Nr (ftp://ftp.
ncbi.nlm.nih.gov/blast/db/FASTA/nr.gz), eggNOG?, Pfam, GO, and KEGG. The result showed that 94.13% of
the protein-coding genes had significant hits in the functional annotation database (Table 5).

Synteny analysis. For synteny analysis, genome data for N. lugens, S. furcifera, L. striatellus and N. muiri were
obtained from NCBI. Synteny was analyzed using MCScanX v2% with default parameters, and the results were
visualized with TBtools?®. The analysis revealed high synteny between S. procerus and N. muiri, with 12,956 col-
linear genes identified, yielding a collinearity rate of 27.42%. This demonstrated strong genomic conservation
across the Delphacidae family, highlighting the stability of their genome structure (Fig. 2a).

Orthologue and phylogenetic analyses. The protein sequences of 15 other Hemiptera species, including N.
muiri, N. lugens, S. furcifera, L. striatellus, Riptortus pedestris, Pyrrhocoris apterus, Oncopeltus fasciatus, Rhodnius
prolixus, Cimex lectularius, Gerris buenoi, Myzus persica, Acyrthosiphon pisum, Aphis gossypii, Phenacoccus sole-
nopsis, and Diaphorina citri, were downloaded from InsectBase 2.0 (http://v2.insect-genome.com/) and figshare.
Only the longest transcript of each gene was retained to represent the coding gene. OrthoFinder v2.5.5% with
default parameters was used to determine the orthologs and paralogs, yielding 29,1499 orthologous gene
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Swiss-Prot 15402 46.64
GO 15108 44.33
KO 8718 24.27
NR 22738 67.22
PFAM 20991 73.73
eggNOG 11685 34.18
Annotated 20259 83.20
Unannotated 4049 16.80

Table 5. Statistical analysis of the functional gene annotations of the S. procerus genome.
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Fig. 2 Chromosomal synteny and phylogenetic analysis. (a) Chromosomal synteny among Delphacidae
species: Sp (S. procerus), Nm (N. muiri), NI (N. lugens), Sf (S. furcifera), and Ls (L. striatellus). Homologous
chromosomal regions are connected by lines. (b) Maximum likelihood phylogenetic tree of S. procerus and 15
other Hemiptera species. The tree was constructed based on protein sequences, and divergence times (Mya) are
indicated at each node. All nodes are supported by 1,000 bootstrap replicates (values shown as percentages). The
scale bar at the bottom represents divergence time.

families from a total of 341,893 genes. All identified 242 single-copy orthologs were aligned using MAFFT
v7.520% and trimmed utilizing trimAl v1.4.1°!. The maximum likelihood tree was constructed using IQ-TREE
v2.2.3% with 1,000 ultrafast bootstrap replicates, and D. melanogaster was used as an outgroup. The divergence
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time between different species was estimated using MCMCtree (PAML v4.10.7 package)*® based on the fossil
records acquired from the TimeTree database® (http://www.timetree.org/) using the approximate likelihood
calculation method (A. gossypii vs. A. pisum 23.0-64.5 million years ago (MYA), D. citrivs. A. pisum 211.9-351.0
MYA, and R. prolixus vs. C. lectularius 108.0-212.9 MYA). The results of the phylogenetic analysis revealed that
S. procerus forms a distinct clade within the suborder Auchenorrhyncha, with an estimated divergence time of
approximately 63.7 million years ago (MYA) (Fig. 2b).

Data Records

The genome assembly, which utilized PacBio and Hi-C sequencing data, along with the transcriptome data
used for genome annotation, has been stored in the NCBI Sequence Read Archive under accession numbers
SRR32281657 and SRR32281643, with BioProject accession numbers PRINA1221133%. The genome assembly
has been deposited at DDBJ/ENA/GenBank under the accession JBLNNE000000000%*. The genome annotation
files are available in Figshare under a DOI number of https://doi.org/10.6084/m9.figshare.28375412%.

Technical Validation

The final genome assembly of S. procerus was 752.84 Mb with a contig N50 of 1.88 Mb, and 97.52% contigs
were anchored to 14 pseudo-chromosomes. The BUSCO results showed that 94.8% of the complete Insecta
genes were captured by the genome. Additionally, the gene prediction result was assessed by BUSCO, which
indicated that 90.2% genes (single-copied gene: 89%, and duplicated gene: 1.2%) were complete. Furthermore,
95.57% of the Illumina clean reads were accurately mapped back to the assembly. A high mapping success rate
0f 95.19% was also achieved for the RNA sequencing reads. Overall, these assessments reflect the high quality
of the genomic assembly.

Code availability
Software for data analyses was mentioned in Methods. The core code and parameters are available at https://
github.com/zhuozhuoliu/Sp.genome.
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