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. Sitobion avenae (Fabricius), a major pest of cereal crops worldwide, causes significant damage on

: agricultural production. However, the lack of high-quality genomes has limited in-depth studies on its
biology and effective management strategies. Here, we report a chromosome-level genome assembly
of S. avenae, generated by combining PacBio long-read sequencing, lllumina short-read sequencing,

. and Hi-C scaffolding. The assembled genome has a size of 421 Mb, with 99.97% of sequences anchored

. to nine pseudochromosomes. It comprises only 11 scaffolds, exhibits the scaffold N50 and contig

© N50 of 39.84 Mb and 28.00 MB, and achieves a BUSCO completeness of 97.30%. Repetitive elements
account for 37.40% (157.66 Mb) of the assembly. We annotated 15,369 protein-coding genes and 1,188
non-coding RNAs. This high-quality genome of S. avenae serves as a valuable genomic resource for
advancing research on pest management and host adaptation mechanisms in this aphid species.

Background & Summary
The English green aphid, Sitobion avenae (Fabricius) (Hemiptera: Aphididae), is one of the most widespread
and economically significant cereal aphids worldwide. It exhibits a non-host-alternating holocyclic life cycle
characterized by seasonal shifts in reproductive mode'?. Throughout most of the growing season, populations
reproduce parthenogenetically over multiple successive generations. As temperatures decline, virginoparae pro-
duce sexuparae, which subsequently generate oviparae and males. S. avenae infests a wide range of cereal crops
and grasses, including barley, wheat, oats, rice, and various grasses3. Both nymphs and adults impair nutrient
. assimilation and allocation in cereal crops through feeding on the phloem sap, which leads to substantial yield
. losses. During the probing and feeding process, honeydew secreted by the green aphids accumulates on the
- plant surface, which inhibits photosynthesis and promoting the growth of sooty mold. Furthermore, S. avenae
: serves as an important vector of barley yellow dwarf virus (BYDV) (Luteoviridae: Luteovirus)*°, a major threat
© to global cereal production.
: In cereal cropping systems, the control of S. avenae relies predominantly on chemical pesticides. However,
intensive and prolonged application has led to the development of varying levels of resistance to several classes
. of insecticides, such as neonicotinoids and pyrethroids’~*. The lack of high-quality reference genome has sig-
. nificantly hindered the identification and functional characterization of resistance-associated genes in this spe-
cies. A high-quality genome assembly would not only provide more accurate gene models and a complete gene
set, but also serve as a valuable foundation for elucidating the genetic mechanisms underlying virus transmis-
sion and for identifying key genomic loci involved in overcoming host defenses. Despite recent advances in
sequencing technologies, chromosome-level genomes of aphids are still limited. To date, only a limited number
of species have been resolved at this resolution, including Myzus persicae, Acyrthosiphon pisum, Rhopalosiphum
maidis, Aphis gossypii, and Aphis glycines'*-'2. Moreover, the current available genome assembly for S.avenae
remains highly fragmented, constraining in-depth molecular and evolutionary studies!*!4.
: In this study, we generated a chromosome-level genome assembly of the English green aphid, Sitobion ave-
° nae, through a combination of Illumina short-read sequencing, PacBio high-fidelity (HiFi) sequencing and
. chromosome conformation capture (Hi-C) technologies. As the first chromosome-level reference genome of
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Libraries Clean data (Gb) | Insert sizes (bp) | Sequencing coverage (X)
WGS 41.16 150 97.62

HiFi 41.92 16,380.32 99.42

Hi-C 46.56 150 110.42

RNA-seq (short-read) 44.81 150 —

RNA-ONT 10.09 1,451.52 —

Table 1. Summary of the sequencing data generated for Sitobion avenae genome assembly and annotation.

S. avenae, this resource provides a critical foundation for future investigations into the host adaptation mecha-
nisms and the identification of key genes associated with insecticide resistance.

Methods
Insect rearing and sample collection. . avenae were collected from a cereal crop field in Yangling,
Shannxi Province, China (34°27/27"N, 108°08’11”E) in 2016. The laboratory population was established from
one apterous female adult. The aphids were then fed on wheat (Triticum aestivum) under standard conditions of
22+£1°C, 65+ 5% relative humidity with a 16 h:8 h (light: dark) photoperiod, without exposure to any pesticides.
The adult S. avenae were first placed into culture dishes and starved for 24 h. Approximately 200 adults were
collected as samples for Illumina, PacBio HiFi and Hi-C sequence, respectively. In addition, 60 winged and
wingless adult aphids were selected fort transcriptome sequencing.

Sample extraction and sequencing. Genomic DNA was extracted from the sample using the CTAB
(cetyltrimethylammonium bromide) method and further purified with the Grandomics Genomic kit (Beijing,
China). Illumina genome-sequencing was sequenced on an Illumina NovaSeq X Plus platform and was prepared
through a 350bp-insert fragment library (150 bp paired-end) by Truseq DNA PCR-free kit (San Diego, CA, USA).
For Pacbio HiFi sequencing, the HiFi library of 20 kb insert size was constructed using the SMRTbell® Express
Template Prep Kit 3.0 (Pacific Biosciences, CA, USA). Then, the library was sequenced on the PacBio Sequel
Revio following the operation manual.

High-throughput chromosome conformation capture (Hi-C) sequencing was performed to achieve
chromosome-level genome assembly The Hi-C library preparation procedure involved cross-linking of chro-
matin, restriction enzyme digestion, end repair, DNA cyclization and purification. The resulting library was
sequenced on the NovaSeq X Plus platform (Illumina Inc., San Diego, CA, USA). The total RNA was extracted
from the sample using the TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The RNA library was constructed
using VAHTS mRNA-seq v2 Library Prep Kit (Vazyme, Nanjing, China) and sequenced through the Illumina
NovaSeq X Plus platform. Full-length transcriptome sequencing library was constructed using the SQK-PCS109
and SQK-PBKO004 kits (Oxford Nanopore, Oxford, UK), and subsequently sequenced on the Oxford Nanopore
PromethION platform. Finally, we generated 41.16 Gb (97 x) of Illumina short reads, 41.92 Gb (99 x) of PacBio
long reads, 46.59 Gb (110x) of Hi-C reads, and 54.89 Gb of transcriptome data, including 44.81 Gb from
Mlumina and 10.09 Gb from Oxford Nanopore Technology (ONT), as shown in Table 1.

Genome survey. Fastp v0.23.4!° was employed to perform quality control and preprocessing of the Illumina
raw reads. The processing included trimming of low-quality raw reads by trimming low-quality bases, removal
of duplicates, clipping of poly-G and adapter sequences, and exclusion of reads containing more than 10% of
bases with quality scores <5 (Q <5). Additionally, base quality correction was conducted using overlapping read
information (parameters: -q 20 -D -g -x -u 10 -c). GenomeScope v2.0'® was used to estimate genome size and
heterozygosity based on k-mer frequency distribution. Under a maximum k-mer coverage cutoff of 1000 and a
k-mer size of 21, the estimated genome size was approximately 401.05 Mb with a heterozygosity of 1.31%, indicat-
ing a highly heterozygous genome (Fig. 1).

Pbces v6.4.0 (https://github.com/PacificBiosciences/ccs) was used to generate high-quality HiFi reads,
retaining sequences with a base quality of Q30 or higher. The primary assembly was conducted with Hifiasm
v0.24.0'7 using the parameter “-13”. To minimize contamination and assembly errors, only contigs with sequenc-
ing depth greater than 10 x (Save) were retained, while those below one-tenth of the average depth were dis-
carded. Owing to the exceptional base accuracy of the assembled contigs, with QV values consistently around
60 (Table S2), additional polishing steps were deemed unnecessary. K-mer frequency analysis indicated that the
aphid genome is highly heterozygous due to its diploid nature. To remove redundant heterozygous sequences
from the Hifiasm assembly, Purge_dups v1.2.5'® was run with default parameters based on contig similarity
and sequencing depth. Minimap2 v2.29'% was used for sequence alignment, with the options ‘-x map-hifi’ for
mapping HiFi reads to the genome and ‘-x asm5 -DP’ for genome self-alignment.

Hi-C sequence data were first processed using Chromap v0.2.69* for quality control, including read align-
ment, duplicate removal, and Hi-C contact extraction. Then, scaffolding was performed with YAHS v1.2?> under
default parameters with two rounds. Hi-C heatmaps were manually inspected and corrected using Juicebox
v1.11.08% to identify potential errors. MMseqs. 2 v13** was used to detect possible contamination (parame-
ters: -min-seq-id 0.8) compared with NCBI nucleotide and UniVec databases. Sequences over 90% alignments
were removed. The completeness of genome assembly was evaluated with BUSCO v5.8.2%° using insecta_odb
10 database. The single base mass score (QV value) and genomic k-mer profile were evaluated by merqury v1.3%.
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Fig. 1 The genome survey of Sitobion avenae at 21-mer estimated by GenomeScope.
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Fig. 2 Genome-wide Hi-C heatmap of the Sitobion avenae genome. The boundary indicates that the genome
contains 9 chromosomes.

Finally, the chromosome-level genome assembly of S. avenae had a size of 421.65 Mb, comprising 11 scaffolds
and 30 contigs, with the scaffold and contig N50 of 39.84 Mb and 28.00 Mb, respectively. A remarkable 99.97%
(421.51 Mb) of the genome was anchored into 9 pseudochromosomes, with the chromosome length ranging
from 32.49 Mb to 118.46 Mb and the GC level of 30.06% (Fig. 2, Table 1, Table S1). This chromosome number
is also similar to that reported for its closely related species Sitobion miscanthi, which likewise possesses nine
chromosomes?”. BUSCO assessment of S. avenae genome assembly indicated a completeness of 97.3%, with
4.0% duplicated BUSCOs, suggesting no obvious redundancy. All these statistics all indicate that our assemblies
are remarkably contiguous and comprehensive.

Genome annotation. The species-specific repeat library was built using RepeatModeler v2.0.72® with
parameters ‘-LTRStruct’ Then, this species-specific library was merged with Repbase-20181026* and Dfam 3.1%°
into a custom library. RepeatMasker v 4.1.7-p1°! was used to identify the repetitive elements in S. avenae genome
and soft mask the repeat sequences of the genome. RepeatMasker result reveled that S. avenae genome contains
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Characteristics ‘ Values
Genome assembly

Assembly size (Mb) 421.65

Number of chromosomes 9

Number of scaffolds/contigs 11/30

Longest scaffold/contig (Mb) 118.46/64.66
N50 scaffold/contig length (Mb) 39.84/28.00

GC content (%) 30.06

BUSCO completeness (%) C:97.3(S:93.3,D:4],F: 0.4, M: 2.3
Repetitive elements Size (Mb) 157.66 (37.40%)
Repetitive elements

DNA transposons (Mb) 59.99 (14.23%)
LINEs (Mb) 9.85 (2.34%)
LTRs (Mb) 9.63 (2.28%)
SINEs (kb) 35.09 (0.01%)
Simple repeats (Mb) 11.57 (2.74%)
Unclassified (Mb) 39.26 (9.31%)
Protein-coding genes

Number 15,369

Mean gene length (bp) 11,662.8
BUSCO completeness (%) C:97.0 [S:84.2,D: 12.8], F: 0.5, M: 2.5

Table 2. Genome and annotation statistics for the chromosome-level assembly of Sitobion avenae. C represents
complete BUSCOs, S represents single BUSCOs, D represents duplicated BUSCOs, F represents fragile
BUSCOs, M represents missing BUSCOs.

37.40% repetitive elements, including DNA transposons (14.23%), unclassified elements (14.20%), simple repeats
(2.74%), LINEs (2.34%), LTRs (2.28%) and other elements (Table 2).

Infernal v1.1.4233? and tRNAscan-SE v2.0.9%* were used to identify ncRNAs and tRNAs, respectively.
Low-confidence of tRNAs was filtered with ‘EukHighConfidenceFilter’ script in tRNAscan-SE software. Finally,
we obtained 1,188 ncRNAs, including 77 rRNAs, 112 miRNAs, 110 snRNAs, 271 tRNAs, 372 ribozymes and
41ncRNAs (Table S3).

Maker v3.01.03% was used to annotate protein-coding genes, by combining results from ab initio gene
predictions, transcriptome sequencing data and protein homology searches. For ab initio gene predictions,
BRAKER v3.0.6% was utilized, employing GeneMark-ES/ET/EP 4.68_lic*® and Augustus v3.4.0%”. Moreover,
this software automatically trained them based on transcriptome database and OrthoDB12database™®. Illumina
short-read transcriptome data were aligned to S. avenae reference genome using Hisat2 v2.2.1%, while ONT
reads were mapped with Minimap2 v2.29'%%, and BAM files were subsequently generated with SAMtools v1.8%.
Transcript-based gene prediction was then conducted by integrating RNA-seq and ONT-seq assemblies with
StringTie v2.1.5* in “~merge” mode. Subsequently, homology proteins from the five closed species, includ-
ing Thrips palmi (GCF_012932325.1), Drosophila melanogaster (GCF_000001215.4), Rhopalosiphum maidis
(GCF_003676215.2), Rhodnius prolixus (GCF_049639745.1) and Metopolophium dirhodum (GCF_019925205.1)
were incorporated using GeMoMa v1.9%? with the parameters “GeMoMa.c = 0.4 GeMoMa.m = 72000, Finally,
we predicted 15,369 protein-coding genes in S. avenae genome, with an average length 11,662.8 bp. The average
number of exons, introns, and CDS of each gene were 7.2, 6.2, 6.9, respectively, and their mean lengths were
306.8bp, 1595.5bp, 210.6 bp, correspondingly. The completeness of these protein-coding genes from BUSCO
was 97.0%, which is comparable to the genome assembly assessment (Table 2, Table S4). TBtools** was used
produce the visual diagram of S. avenae genomic characteristics (chromosome length, GC content, gene density,
DNA transposons, LINE, SINE, LTR and simple repeat density) (Fig. 3).

Gene functional annotation search of protein-coding genes was performed using two methods. First,
Diamond v2.1.7.161* was performed to search the SwissProt and TrEMBL databases with the parameters
“-very-sensitive, -e le-5”. Then, eggNOGmapper v2.1.12% and InterProScan 5.70-102.0* were utilized to
assign Gene Ontology (GO) and (KEGG, Reactome) pathway annotations and to identify protein domains.
The InterProScan analysis included five databases: Pfam*’, SMART*, Superfamily*’, Gene3D*, and CDD"'.
Subsequently, the results predicted by the above tools were integrated to obtain the final gene function predic-
tion. Finally, 9,390 GO terms, 4,668 KEGG pathways, 2,533 enzyme codes and 11,431 COG categories were
assigned by integrating the InterProScan and eggNOG annotation results (Table S5).

From inner to outer circles: simple sequence repeats (SSRs), long terminal repeats (LTRs), long inter-
spersed nuclear elements (LINEs), short interspersed nuclear elements (SINEs), DNA transposon density,
protein-coding gene density, GC content, and chromosome-scale length.

Data Records
The genome sequencing data generated in this study have been deposited in the NCBI Sequence Read Archive
(SRA) under BioProject accession number PRJNA1282322. The NCBI accession number of the assembled
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genome is GCA_053477475.1°2. The lllumina, Hi-C, HiFi, and transcriptome data can be found under identi-
fication numbers SRR35536597°3, SRR35536595°4, SRR35536596°°, SRR35536594°°. Genome annotation files
have been deposited in Figshare and can be accessed at Figshare® .

Technical Validation

Two methods were used to evaluate the quality of the genome assembly. BUSCO v5.82 was used to assess the
completeness of S. avenae genome with the insect_odb10 database (n=1,367). The BUSCO completeness of
S. avenae genome was 97.3%, comprising single-copy of 93.3%, duplicated BUSCOs of 4.0%, fragmented
BUSCOs of 0.4%, and missing BUSCOs of 2.3%. The mapping rate from aligning PacBio, Illumina, and RNA
reads were used to evaluate the genome assembly accuracy. The mapping rates for PacBio, Illumina and RNA-seq
were 98.35%, 95.54%, and 98.58%, respectively. These comprehensive evaluations demonstrate the high contigu-
ity, completeness, and accuracy of the genome assembly presented in this study.

Data availability

All raw sequencing data generated in this study, including Illumina (https://identifiers.org/ncbi/insdc.
sra:SRR35536597), Hi-C (https://identifiers.org/ncbi/insdc.sra:SRR35536595), PacBio HiFi (https://identifiers.
org/ncbi/insdc.sra:SRR35536596) and transcriptome reads (https://identifiers.org/ncbi/insdc.sra:SRR35536594),
are available in the NCBI Sequence Read Archive (SRA) under BioProject PRINA1282322. The assembled
genome is available in NCBI GenBank under accession number GCA_053477475.1 (https://identifiers.org/ncbi/
insdc.gca:GCA_053477475.1). Genome annotation files have been deposited in the Figshare repository (https://
doi.org/10.6084/m9.figshare.30229090).

Code availability
No custom scripts were developed for this work. All data processing and analyses were performed using standard
commands and pipelines according to the manual and protocols of the corresponding bioinformatic tools.
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