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patabescripTor  assembly of soybean aphid

Shaolong Qiu%*, Ningning Wu*#, Xiaodong Sun?*, Yongguo Xue3 & Jixing Xia®™

. Soybean aphid (Aphis glycines) is one of the main pests on soybeans, which causes serious damage

. tothe soybean worldwide. The current genome of the soybean aphid is quite fragmented, which has

: impeded scientific research to some extent. In this study, we assembled a chromosome-level genome of
. the soybean aphid using MGl short reads, PacBio HiFi long reads and Hi-C reads. The genome sequence

: was anchored to four pseudo-chromosomes, with a total genome length of 324 Mb and a scaffold N50

. length of 88.85 Mb. We evaluated the genome based on insecta_odb10 and the results show it has

: acompleteness of 97.2%. A total of 20,781 protein-coding genes were predicted in the genome, of

. which 17,183 genes were annotated in at least one protein database. Our work provides a new genomic
. resource for the soybean aphid study.

: Background & Summary

© Soybean aphid (Aphis glycines), an oligophagous pest of Hemiptera Aphididae, is a heteroecious and holocyclic
© insect" The whole life cycle of soybean aphid includes eggs, nymphs and adults, which need to be completed
* on different host plants**. The soybean aphid reproduce sexually on the primary host genus Rhamnus, on which
: it overwinters with eggs®®. The secondary host, soybean, is the host for parthenogenesis of soybean aphid, on
: which it causes major economic damage'. All insects in the family Aphididae harm plants both directly and
. indirectly, and soybean aphid is no exception?. The nymphs and adults of soybean aphids can feed on the vascu-
. lar tissue, such as phloem sap, through their piercing-sucking mouthparts, which perturb the plants nutritional
. equilibrium and precipitate a decrease in soybean yields”. During the ingesting process, the aphid excretes hon-
: eydew that covers the plants, inhibits the plants’ photosynthesis, and fosters the proliferation of sooty mold”*. In
: addition, soybean aphid serves as a vector for several phytovirus, including soybean mosaic virus (SMV)?, alfalfa
- mosaic virus (AMV)'°, and potato leafroll virus (PLRV)!. Soybean aphids can disseminate these viruses to both
. host and non-host plants, thereby indirectly causing economic losses.

: Although soybean naturally contains some Rag (Resistant to A. glycines) genes, the existence of different
© soybean aphid biotypes has considerably constrained the popularization of aphid-resistant soybean cultivars'>!>.
. Therefore, the control of soybean aphids is still primarily relied on pesticides, but the long-term use of insec-
© ticides may enhance insect adaptation!*-°. A high-quality genome contains more accurate sequences and a
: more complete set of genes, facilitating the selection and study of resistance-related genes. However, the current
- genome of soybean aphid is quite fragmented due to technical limitation (Table S1)!734,

: In this study, to obtain a high-quality genome with improved continuity, we completed the sequenc-
© ing and assembly of the soybean aphid genome using a combination of MGI short-read sequencing, PacBio
. high-fidelity (HiFi) sequencing and chromosome conformation capture (Hi-C) sequencing. We obtained a
. chromosome-level genome assembly of the soybean aphid with a size of 324 Mb. Our study provides the first
. chromosome-level genome assembly for soybean aphid, which will contribute to clarifying the molecular mech-
© anisms of adaptation.

Methods
. Insect rearing and sample collection. Soybean aphids used in this study were collected from a soybean
. field in Harbin, Heilongjiang Province, China. A laboratory population was established from an apterous female
. adult. The insects were reared in 50 x 34 x 50 cm cages under conditions of 26 + 1 °C, a photoperiod of 16:8 (L: D),
. and a relative humidity of 65 & 5%. Approximately 150 apterous adults were selected as samples for MGI, PacBio
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Fig. 1 The characteristics of A. glycines genome estimated using k-mer distribution (k=21).

Summary
Total Length (bp) 324,004,516
Contig N50 (bp) 54,110,121
Scaffold N50 (bp) 88,848,336
The longest length (bp) 88,971,736
The shortest length (bp) 17,878
GC content (%) 27.16
BUSCO genes C:97.2% [S: 93.9%, D: 3.3%], F: 0.6%

Table 1. Chromosome level genome assembly statistics of A. glycines.

HiFi, and Hi-C sequencing, respectively. The samples were then cleaned twice with 1 x phosphate-buffered saline
(PBS) and ultrapure water. After drying with absorbent paper, the samples were placed in 5mL centrifuge tubes,
flash frozen with liquid nitrogen, and stored at —80 °C. Apterous and alate female adults were placed in 1.5mL
nuclease-free centrifuge tubes, frozen in liquid nitrogen, and stored at —80 °C for transcriptome sequencing.

DNA extraction and genome sequencing. Genomic DNA was isolated from the sample using the CTAB
method and purified using the Grandomics Genomic kit. A total of 72,326,178 paired-reads were obtained after
sequencing the genome short-read library. For PacBio HiFi sequencing, a PacBio HiFi library was constructed
using the SMRTbell® prep kit 3.0, which was sequenced on the PacBio Revio device following the operation man-
ual, resulting in 919,364 of high-quality reads. To assemble the genome at the chromosome level, we performed
Hi-C sequencing. In short, we cross-linked the cells with 1% formaldehyde for 10 min, followed by cutting the
DNA with the restriction endonuclease DpnlI. The Hi-C library was constructed according to the NEBNext
Ultra IT DNA library Prep Kit and sequenced on the MGI 2000 platform, resulting in approximately 159,908,784
paired-reads. The TRIzol method was used to extract total RNA from tissues for transcriptome sequencing. After
the samples passed quality control, a sequencing library was constructed, and transcriptome sequencing was
completed on the MGI 2000 platform. Finally, a total of 100.6 G of sequencing data was obtained, with an average
data volume of 8.4 G.

Genome survey. The PacBio HiFi sequencing data were filtered using Fastp v0.23.4%. Jellyfish v2.2.10°¢ and
GenomeScope v2.0*” were used to estimate genome size and heterozygosity based on k-mers. When k=21, the
genome size was about 328.62 Mb, and the heterozygosity was 0.281% (Fig. 1).

Genome assembly. Before genome assembly, SeqKit v2.8.1%® was applied to generate statistics on PacBio
HiFi reads, and the N50 length was about 21 kb. HiFi reads were employed as input data for preliminary genome
assembly with Hiflasm v0.19.8% (with the parameter of -1 2), obtaining a genome containing 58 contigs with an
N50 length of 54.11 Mb and a total size of 331.59 Mb. The method of removing symbiotic bacterial contamina-
tion from genomes after assembly was adopted, and the contamination sequences were identified in the prelim-
inary assembly results using FCS-GX v0.5.0*° according to the operation manual. These results showed that the
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Fig. 2 Genome-wide Hi-C heatmap and circos plot of the A. glycines Genome. (a) The Hi-C contact heatmap of
the A. glycines genome. The boundary indicates that the genome contains four chromosomes. (b) The circos plot
of the A. glycines genomic features. The four tracks represent chromosome length, repeat density, gene density
and GC density from the outermost to the innermost. The window size was defined as 100 kb.

Number of elements | Length occupied (bp) | Percentage (%)

Retroelements 28,668 6,712,406 2.07
SINEs 360 46,389 0.01
LINEs 16,566 3,797,719 1.17
L2/CR1/Rex 3,938 527,095 0.16
R1/LOA/Jockey 4,066 1,013,422 0.31
R2/R4/NeSL 266 135,965 0.04
RTE/Bov-B 3,708 670,462 0.21
LTR elements 11,742 2,868,298 0.89
BEL/Pao 1,549 645,867 0.2
Tyl/Copia 511 45,737 0.01
Gypsy/DIRS1 9,603 2,111,781 0.65
DNA transposons 155,128 35,538,877 10.97
hobo-Activator 47,453 8,934,762 2.76
Tc1-1S630-Pogo 10,587 1,590,714 0.49
MULE-MuDR 7,734 1,571,244 0.48
Tourist/Harbinger 1,226 258,780 0.08
Rolling-circles 8,754 2,032,965 0.63
Unclassified 101,684 41,190,113 12.71
Small RNA 1,165 944,693 0.29
Satellites 182 49,842 0.02
Simple repeats 325,384 14,970,350 4.62
Low complexity 48,488 2,423,603 0.75
Total 103,860,962 32.06

Table 2. Classification and statistics of repetitive sequences in A. glycines genome.

assembled genome contained 20 contamination sequences, which derived from Buchnera aphidicola, Wolbachia
endosymbiont, Arsenophonus endosymbiont, and Candidatus Blochmannia ocreatus, respectively.

The assembled contigs were anchored to chromosomes based on Hi-C data using Juicer v1.6*' and 3D-DNA
v201008%* After manually checking and correcting in Juicebox v2.15%%, 3D-DNA was run again. The pipeline
finally generated a chromosome-level genome assembly at 324 Mb, with the longest chromosome length of
88.97 Mb and the shortest chromosome length of 54.11 Mb (Table 1). The Hi-C contact map was visualized with
HiGlass v1.13.3*. Approximately 319.53 Mb (98.62%) of the sequences were anchored to four chromosomes
(Fig. 2b), which is the consistent with the previous observed karyotype®.
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Datab Annotation gene num | Percentage (%)
NR 17,139 82.47
EggNOG 14,752 70.99

GO 6,270 30.17
Swissprot 10,730 51.63

Pfam 10,927 52.58

IPR 10,700 51.49

BUSCO genes | C:96.7% [S: 93.1%, D:3.6%], F: 1.0%

Table 3. Functional annotation of A. glycines genome.
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Fig. 3 Genome synteny analyses of A. glycines and two aphids. (a) Genome synteny analysis between A.gly and
A pis. (b) Genome synteny analysis between A.gly and E.lan. A.gly refers to A. glycines, A.pis refers to A. pisum
and E.lan refers to E. lanigerum.

Repeat element annotation. The species-specific repeat sequence library was built using RepeatModeler?.
Based on the arthropod repeat sequence library from Repbase v20181026* and the repeat sequence library pre-
dicted by RepeatModeler, RepeatMasker v4.1.5* was used to soft mask (-xsmall) the repeat sequence. A total of
103.86 Mb repeat sequences were identified, accounting for 32.06% of the entire genome (Table 2). Tandem repeat
elements were identified using TRF v4.09.1%.

Gene prediction and functional annotation. In order to obtain a more accurate gene set, we used the
RNA-seq based BRAKERS3 pipeline® to predict gene structure. In short, de novo prediction of genes was mainly
performed using GeneMark-ETP v1.02°! and Augustus v3.5.0°%. The transcriptome-based prediction was per-
formed by Hisat2 v2.2.1°* and StringTie v2.2.1°**. BRAKER3 predicted a total of 20,781 protein-coding genes
and 25,231 transcripts. The transcriptome data were partially sourced from this study and partially from NCBI
SRA database. The downloaded transcriptome data accession numbers are SRP327988%, SRP442783%, and
SRP442816%.

Blast v2.15.0%°, Eggnog-Mapper v2.1.2%61 and InterproScan v5.66-98.0%%%* were applied to search NR,
Swissprot, Pfam, eggNOG and GO databases to complete functional annotation of predicted genes. A total of
17,183 (82.69%) genes were annotated in at least one database (Table 3).

For the annotation of non-coding RNA tRNA was annotated by tRNAscan-SE v2.0.12%. Infernal v1.1.5% and
Rfam were employed to annotate other ncRNAs.

Genome synteny analysis. BLAST (with the parameters of -evalue le-10 -num_alignments 5) was utilized
to perform an alignment between the protein sequences annotated in this study and the protein sequences of
A. pisum and E. lanigerum. MCScanX® was applied to analyze the genome synteny. These results were visualized
with SYNVISIO (https://synvisio.github.io). These results indicate the longest chromosome may be the chromo-
some X of soybean aphid (Fig. 3).

Data Record

The raw genome and transcriptome sequencing data generated in this study have been deposited in the
National Center for Biotechnology Information (NCBI) SRA database. The accession number of DNA-Seq
is SRP537912%, and the accession number of RNA-Seq is SRP538390%. The final chromosome level genome
assembly data has been submitted to NCBI GenBank and National Genomics Data Center (NGDC) with the
accession number of JBJIER000000000% and GWHFGPW00000000.17°. Genome annotation file is available at
the Figshare database”'.
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Technical Validation

Benchmarking Universal Single-Copy Orthologs (BUSCO v5.7.17%) was used to verify the integrity of the
genome and annotation. These results showed that 97.2% of the complete BUSCOs in insecta_odb10 were pres-
ent in the genome, with 93.9% single-copy genes and 3.3% duplicated genes (Table 1). And the completeness of
predicted protein is 96.7% (Table 3).

Code availability
In this study, no custom codes or scripts were used. The software and pipelines mentioned above were executed
with default parameters unless specifically indicated.
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