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Abstract

The bean bug (Riptortus pedestris) causes great economic losses of soybeans by piercing and sucking pods and seeds. Although

R. pedestris has become the focus of numerous studies associated with insect–microbe interactions, plant–insect interactions,

and pesticide resistance, a lack of genomic resources has limited deeper insights. In this study, we report the first R. pedestris

genome at the chromosomal level using PacBio, Illumina, and Hi-C technologies. The assembled genome was 1.193 Gb in size

with a contig N50 of 13.97 Mb. More than 95.7% of the total genome bases were successfully anchored to 6 unique chromosomes,

with the scaffold N50 reaching 181.34 Mb. Genome resequencing of male and female individuals and chromosomic staining

demonstrated that the sex chromosome system of R. pedestris is XO, and the shortest chromosome is the X chromosome. In

total, 21,562 protein-coding genes were predicted, 21,320 of which were validated as being expressed in different tissues or

different developmental stages. Evolutionary analysis demonstrated that R. pedestris and Oncopeltus fasciatus formed a sister

group and split 35 million years ago. Additionally, a 5.04 Mb complete genome of symbiotic Serratia marcescens Rip1 was

assembled, and the virulence factors that account for successful colonization in the host midgut were identified. The high-quality

R. pedestris genome provides a valuable resource for further research, as well as for the pest management of bug pests.

2 Introduction

The bean bug, Riptortus pedestris (Fabricius) (Hemiptera: Heteroptera) is a notorious pest of soybean crops
in Asia (Figure 1A). They obtain nutrients and water by penetrating their sucking mouthpart into leaves,
stems, pods, and seeds, leading to significant reductions in seed quality (Bae et al. 2014; Rahman and
Lim 2017). Although losses caused by R. pedestris have been mainly reported for leguminous crops, the
insects also damage rice, sesame, fruit trees, flowers, and medicinal plants (Bharathimeena and Sudharma
2009; Kang 2003). In recent years, increased attention has been payed to R. pedestris due to its potential
roles in causing soybean Zhengqing , which is a staygreen syndrome that has resulted in yield losses from
0 to nearly 100% in the Huang-Huai-Hai River basin in China (Li et al. 2019). In field cage experiments,
as well as under laboratory conditions, R. pedestris feeding was found to cause staygreen-like syndromes,
with increased numbers of abnormal seeds, more empty pods, a lack of leaf senescence, and decreased yields
in infested soybeans (Figure 1B) (Li et al. 2019; Li 2020). Insecticides, such as fenitrothion, bifenthrin,
etofenprox, and acetamiprid have been widely used to control R. pedestris (Alim and Lim 2010; Jung et al.
2018). However, the chemical control of R. pedestris is often incompatible with natural enemies and causes
pest resurgence, leading to nonnegligible environmental problems.

In addition to causing economic losses, R. pedestris is also an ideal model for investigating symbiotic microbe–
insect associations (Takeshita and Kikuchi 2017). Its midgut crypts are filled with numerous environmentally
acquired symbionts (Jung and Lee 2019). Among them, the symbiotic Burkholderia , which can be easily
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. cultured and genetically manipulated outside the host, has been best characterized (Ohbayashi et al. 2019;
Takeshita and Kikuchi 2017). Different from most insect–microbe symbiotic systems,Burkholderia cannot
be vertically transmitted. Instead, they reside within the soil, andR. pedestris orally acquires the symbiont
from surrounding environments (Kikuchi et al. 2011). Although Burkholderiasymbionts are not essential
for insect survival and R. pedestriscan be reared in aseptic conditions, aposymbiotic insects exhibit retarded
growth, smaller body sizes and weights, and lower fecundity (Kikuchi and Fukatsu 2014; Kikuchi et al.
2007). Strikingly, recent findings demonstrated that some insecticide-degradingBurkholderia mediate insec-
ticide resistance in R. pedestris , providing the insects with a potential advantage in insecticide-sprayed
crop fields (Itoh et al. 2018; Kikuchi et al. 2012). Currently, the complete genome sequences of several
Burkholderiastrains have been reported (Takeshita et al. 2014; Takeshita et al. 2018). It is necessary to
unveil the genomic information of their insect hosts as the construction of a high-quality genome can provide
new insights into the mechanisms of insect–microbe interactions.

In this study, we report the first genome of a bean bug in Coreoidea with a determined sex chromosome. The
genome was de novoassembled using PacBio and Illumina sequencing technology as well as Hi-C technology
to assist in chromosome-level assembly. The genomic resource obtained for R. pedestris will benefit further
research associated with the insect–microbe interactions, insect–plant interactions, and pesticide resistance
of insects, and it provide invaluable information for controlling bug pests.

3 Material and methods

Insect strain

The R. pedestris bean bugs sequenced in this study were originally collected in a soybeanZhengqing field
in Suzhou, China in 2019. The insects were reared on soybean plants (strain: Wandou 27) at 26 ± 0.5 °C
with humidity of 50 ± 5% under a 16/8 h (light/dark) photoperiod. Prior to DNA/RNA extraction, the
colony was inbred following a sib-sib mating protocol for three generations as previously described (Xue et
al. 2015).

Genome sequencing and assembly

Genomic DNA was isolated from three virgin female adults using the DNeasy Blood & Tissue Extraction
Kit (Qiagen Inc., Valencia, CA, USA) based on the manufacturer’s protocol. After the determination of the
DNA quality and quantity, a paired-end sequencing library (150 bp in length) was constructed and sequenced
using the Illumina NovaSeq6000. In addition, a 20 kb library was constructed and sequenced on 17 cells using
the SequelTM Sequencing Plate 1.2 on the Pacific Biosciences Sequel platform at Berry Genomic Corporation
in Beijing, China.

De novo genome assembly was performed using Canu-SMARTdenovo methods (Schmidt et al. 2017). Cor-
rection was performed by Canu with the default parameters (Koren et al. 2017). The resulting reads were
assembled using SMARTdenovo (-k 21 -J 3000 -t 20) (Hu et al. 2020). Nextpolish was used for genome
polishing (Hu et al. 2020).

Hi-C sequencing and chromosome-length genome assembly

Hi-C libraries were constructed from a pool of fifty 2nd instar nymphs according to the method previously
described (Lieberman-Aiden et al. 2009). Briefly, the samples were fixed with 1% formaldehyde for 10 min
at room temperature. Then, a 2.5 M-glycine solution was added to obtain a final concentration of 0.2 M.
The sample was incubated for 5 min at room temperature and then on ice for 15 min to stop cross-linking
completely. After centrifugation, the cross-linked sample was sent to Annoroad Gene Technology Co. Ltd,
Beijing, China for sequencing.

The genomic contigs were scaffolded using the 3D de novo assembly (3D-DNA) pipeline (Dudchenko et al.
2017). Briefly, the Hi-C reads were aligned to the draft genome assembly using Juicer; a 3D-DNA analysis
was run to generate a candidate assembly; the candidate assembly was reviewed using Juicebox Assembly
Tools (JBAT); and a high-quality chromosome-length genome assembly was generated after JBAT review.
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. Chromosomic staining

The salivary glands were dissected from male and female R. pedestris in a phosphate-buffered saline (PBS)
solution (137 mM NaCl, 2.68 mM KCl, 8.1 mM Na2HPO4 and 1.47 mM KH2PO4 at pH 7.4) under a
stereomicroscope (COIC, Chongqing, China). The samples were fixed in 4% paraformaldehyde (Sangon
Biotech, Shanghai, China) for 1 h. After washing in PBS 3 times, the samples were triturated mechanically,
and 20 μl DAPI solution (Abcam, Cambridge, USA) was added to stain the chromosomes. Fluorescence
images were examined using a Leica confocal laser-scanning microscope (Leica, Heidelberg, Germany).

Transcriptomic sequencing

Third generation transcriptomic sequencing was performed by Oxford Nanopore technology (ONT). Four
samples, including eggs, nymphs, male, and female R. pedestris were collected. Oxford PromethION 2D
amplicon libraries were generated according to the Nanopore community protocol using library preparation
kit SQK-LSK109 (Oxford Nanopore, Oxford, UK) and sequenced on R9 flow cells to generate fast5 files.
All generated fast5 reads were then basecalled in Guppy v3.2.10 with the default options to yield fastq files
(Bolognini et al. 2019). The fastq reads for each sample were filtered using Nanofilt v2.5.0 with options
-l 100 -q 7 (De Coster et al. 2018). The full length reads were detected using Pychopper with arguments
-b primer.fa -i raw.fq -t 200 -s 98 (https://github.com/nanoporetech/pychopper). Pinfish was run with
default parameters, and finally yielded polished consensus reads. Second generation Illumina sequencing was
performed as we previously described (Huang et al. 2020). Insect samples from 6 different tissues and 37
different development stages were analyzed.

Genome annotation

Genome annotation was performed using the LoReAn annotation pipeline (Cook et al., 2019). Briefly, the
transcriptomic data generated above were aligned to the genome using the Program to Assemble Spliced
Alignments (PASA) (Haas et al. 2008) and the Genomic Mapping and Alignment Program (GMAP) (Wu
and Watanabe 2005). For the protein sequence map, GeneWise (Birney et al. 2004) was employed. For ab
initio gene prediction, SNAP (Korf 2004), Augustus (Stanke et al. 2006), MAKER2 (Holt and Yandell 2011),
GeneMark-ET (Lomsadze et al. 2014), and BRAKER1 (Hoff et al. 2016) were employed separately. The
Evidence Modeler (EVM) (Haas et al. 2008) was used to combine the outputs of previous tools to generate
the combined annotation model. PASA was used to update the gene models by identifying untranslated
regions (UTRs) to generate a final annotation.

Sex chromosome identification

To identify the potential sex chromosome, paired-end sequencing libraries were constructed for male and
female adult R. pedestris . The resulting DNA reads were separately mapped to the genomic scaffolds using
Bowtie2 (Longmead and Salzberg 2012). Then, Sequence Alignment/Map tolls (SAMtolls) was used to
remove the low-quality mapped reads, and the mapped reads per million (MRPM) of each chromosome in
males and females were calculated (Li et al. 2009). The sex chromosomes were determined according to the
female/male ratio of MRPM, as previously described (Ma et al. 2020).

Weighted gene co-expression network analysis (WGCNA)

The WGCNA was performed based on the WGCNA package in R (3.2.2.) (Langfelder and Horvath 2008).
The parameters were set as follows: min module size = 50 and ME miss thread = 0.15. Only the enrichment
index >0.85 was considered to be significantly clustered.

Phylogenetic analysis and divergence time estimation

Protein data from 12 hemipteran insects (Bemisia tabaci ,Acyrthosiphon pisum , Diaphorina citri , Homa-
lodisca vitripennis , Laodelphax striatellus , Nilaparvata lugens ,Gerris buenoi , Halyomorpha halys , On-
copeltus fasciatus , Cimex lectularius , Rhodnius prolixus , andTriatoma rubrofasciata ) and Drosophila
melanogaster were retrieved from the NCBI database, GigaDB database, VectorBase (Table S1). After fil-
tering redundant alternative splicing events, the protein dataset containing non-redundant transcripts was
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. used to find the homologous pairs of sequences by the all-vs-all BLASTp algorithm with an E-value of <1e-5.
The BLASTp result was then converted into a normalized similarity matrix and processed using OrthoMCL
v2.0.9 (Li et al., 2003). Protein families were identified by Markov chain clustering (MCL-14-137).

A Phylogenetic tree was constructed using single copy orthologs in each species (1:1:1 genes identified by
OrthoMCL analysis), and D. melanogaster was used to root the tree. Sequence alignment was performed
by MAFFT (v7.310) (Katoh and Standley 2013), and conserved amino-acid sites were identified by TrimAl
(v1.2rev59) (Capella-Gutiérrez et al. 2009). We used Model founder in IQ-TREE (v1.6.10) to determine the
best model, and the phylogenetic tree was constructed using the maximum likelihood method with 1000
bootstraps (Nguyen et al. 2015). The divergence time was estimated based on fossil collection records from
the Paleobiology Database (www.paleobiology.org) using the MCMCtree program in PAML v4.9e (Yang
1997).

3 Results and Discussion

Genome assembly

We adopted second-generation and third-generation sequencing for the comprehensive analysis of theR.
pedestris genome. A total of 118.9 Gb clean data was generated using the Illumina platform. The k-mer
(k=19) analysis indicated that theR. pedestris genome had high heterozygosity and the estimated size was
1.04 Gb (Figure S1). Using the PacBio RS II platform, a total of 132 Gb clean data was generated with
an N50 read length of 18.1 kb (Table S2). Based on the sequencing data above, we obtained a contig-level
assembly that contained 934 contigs and 1,211,875,501 bases. The contig N50 reached 13,968,850 bp, which
is significantly longer than the genome assemblies of other bugs (Table 1; Table S3).

Then, we used Hi-C long-range scaffolding to improve our assembly. A total of 105 Gb raw data was
generated, and 82-Gb filtered clean reads were used for the following analysis (Table S4). As a result,
more than 95.7% of the total genome bases were successfully anchored to 6 unique chromosomes, with the
chromosomic lengths ranging from 162.5 Mb to 285.2 Mb (Figure 2A; Figure 3). Chromosomic staining was
performed to validate the Hi-C result, and we identified 12 chromosomes (n=5A+XX) in female R. pedestris
and 11 chromosomes (n=5A+X) in male R. pedestris (Figure 2B). A previous work demonstrated that the
sex chromosome system of most insects in the family Coreidae is XO (Muramoto 1978). The concordant
results between Hi-C assembly and chromosomic staining confirmed the accuracy of our genome assembly
and indicated thatR. pedestris is XO-determinant.

There were 745 scaffolds that failed to anchor. These unlocalized scaffolds were further blasted against the
bacteria database to identify the potential bacteria that resided within R. pedestris . A total of 168 scaffolds
showed high homology to known bacteria, and these bacterial-origin scaffolds were used for further analysis
(Table S5). Taking these results together, we assembled the R. pedestrisgenome (containing 6 chromosomes
and 577 unlocalized scaffolds) with a final size of 1.193 Gb (GC content: 33.8%) and a scaffold N50 of 181.3
Mb (Table 1).

To assess the completeness of the genome assembly, the assembled genome was subjected to BUSCO analyses
against insect, arthropod, metazoan, and eukaryote datasets. The results showed that 94.7% (against the
insect dataset) to 96.5% (against the arthropod dataset) of BUSCO genes could be identified in the R.
pedestrisgenome, suggesting the completeness and high quality of our genome assembly (Figure S2). There
were 2,774,084 repetitive sequences identified, accounting for 56.0% of the R. pedestris genome (Table S6).
Additionally, we identified 1,266,644 SSRs in the genome assembly (Table S7).

Identification of the Serratia marcescens genome

R. pedestris is well known for its intimate association withBurkholderia , which provides beneficial effects on
insect development (Takeshita and Kikuchi 2017). Our genome assembly did not detect any Burkholderia
-origin sequence, indicating the absence of Burkholderia in this insect strain. There were 168 bacterial-
origin scaffolds from Serratia , Enterobacter ,Kluyvera , and Wolbachia in our genome assembly (Table
S5).Serratia was reported to confer host resistance to invading parasitoids (Bai et al. 2019), while Wolbachia
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. supplies essential nutrition for host reproduction (Ju et al. 2020). Although the insect used for genome
sequencing was free of Burkholderia , we did not observe any abnormal phenotype previously described in
aposymbiotic insects (Kikuchi et al. 2007). We presumed that additional bacteria, other than Burkholderia
, provide specific nutritional or other contributions to R. pedestris , which is an aspect that deserves further
investigation.

Among the bacterial-origin scaffolds, the longest scaffold (sc00000) could be successfully assembled into a
circle, and we mainly focused on this complete bacteria genome in the present study. Phylogenetic analysis
showed that the sc00000 was closely related to Serratia marcescens Db11 (Figure 4). S. marcescens is a
gram-negative bacillus that belongs to Enterobacteriaceae . It has a wide host range, including plants,
insects and animals (Grimont and Grimont 1978). In R. pedestris , S. marcescens was reported to colonize
the insect midgut, but its function remained unknown (Lee et al. 2017). Our study, for the first time,
assembled the complete genome of S. marcescens from R. pedestris , and we tentatively named this bacterial
strain as S. marcescens Rip1 (hereafter: Rip1). The complete genome of Rip1 comprises a single circular
chromosome of 5.04 Mbp, with an overall G+C content of 59.4% (Figure 4). SomeSerratia strains, such
as S. marcescens CAV1761 andS. marcescens AS-1, contain additional plasmids (Sakuraoka et al. 2019).
However, no sequence homologous to these plasmids was found in Rip01. Overall, the genomes of Rip1 and
Db11 are highly conserved and essentially collinear (Figure S3).

Previous work demonstrated that S. marcescenssecretes virulence factors to counter antimicrobial proteins
produced by R. pedestris , thus escaping host immune defenses (Chen et al. 2017; Lee et al. 2017). We
identified at least 15 antibiotic-resistance genes and 32 putative virulence factors in Rip1 (Figure 4, Table
S8, Table S9). These genes confer antibiotic resistance to a wide variety of antibiotics, including fosfomycin,
mupirocin, polymyxin, aminocoumar, beta-lactam, isoniazid, and fluoroquinolone, and might be key in the
successful colonization ofS. marcescens in the host midgut.

Genome annotation

Oxford Nanopore technology (ONT) was used to aid the genome annotation. A total of 22 Gb clean data
in 25,876,282 ONT subreads was obtained, with an N50 read length of 1,027 bp (Table S10). In total, we
identified 21,562 non-redundant protein-coding genes using the LoReAn annotation pipeline. The number
of predicted genes in R. pedestris was similar to those in G. buenoi and O. fasciatus but much higher
than that in C. lectularius . Quality control showed that the predicted gene set was able to recover 92.0%
(against the insect dataset) to 96.7% (against the eukaryote dataset) of BUSCO genes (Figure S4). The
majority (21,139 genes, 98.0%) of the predicted genes were distributed within the 6 chromosomes. Among
the 21,562 predicted genes, 17,909 genes were successfully annotated by at least one database in the NCBI
Nr, Swiss-Prot, KOG, KEGG, GO, and InterPro domain databases (Figure S5-S8; Table S11). Additionally,
we identified 10 ncRNAs, 51 rRNA, 4,103 tRNA, 221 small nuclear RNA, 80 microRNA, and 3,202 long
ncRNAs in the R. pedestris genome (Table S12).

Expression patterns of predicted genes

RNA-seq data from 6 different tissues and 37 different development stages were analyzed (Table S13), and
a total of 21,320 genes were determined to be transcribed (Supplementary files 1). For tissue-specific anal-
ysis, there were 498, 21, 401, 254, 2389, and 3181 genes found to be mainly expressed in the midgut, fat
body, carcass, muscle, testis, and ovary, respectively (Figure S9A). Enrichment analysis demonstrated that
most midgut-specific genes were involved in metabolism, exosomes, and proteasomes (Figure S10A), while
most carcass-specific genes were involved in structural constituents of the cuticle, environmental adaption,
amino acid metabolism, odorant binding and sensory perception (Figure S10B). The muscle-specific genes
were mainly associated with the cytoskeleton, ion channels, lipid metabolism, and protein kinases (Figure
S10C). There were abundant genes specifically expressed in gonads. For testis-specific analysis, the enriched
pathways were mainly annotated as being associated with signaling and cellular processes, transporters,
carotenoid biosynthesis, chromosome proteins, and cytochrome P450s (Figure S10D). For ovary-specific anal-
ysis, enriched pathways were associated with chromosome proteins, DNA metabolism, glycosyltransferase,
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. and glycan metabolism (Figure S10E). Additionally, we used LC-MS/MS to identify proteins authenti-
cally expressed in these 6 tissues (Figure S9B). A total of 2,622 proteins was successfully identified, with a
unipep[?]2 (Supplementary files 2).

For the developmental analysis, a weighted gene co-expression network analysis (WGCNA) successfully
assigned 9,887 genes into 32 modules (Figure S11). Among them, 6,684 genes (belonging to three modules)
were more highly expressed in the egg period than during other stages. There were 1,467 and 227 genes that
showed the highest expression in the male and female adult period, respectively. Additionally, we identified
352 genes (belonging to three modules) associated with insect molting. For example, insulin-like growth
factor-binding protein 7, replication factor C, and endocuticle structural glycoprotein were more highly
expressed before insect molting, while N-acetylneuraminate lyase, partitioning defective 3, and cytochrome
P450 6a14 were more highly expressed during insect molting (Supplementary files 1). These data provide a
good resource for future functional studies of R. pedestris.

Identification of the sex chromosomes and autosomes

To identify the potential sex chromosome, Illumina reads from male and female R. pedestris were mapped
to the reference genome, respectively. In the XO system, males and females have only an X chromosome,
and the MRPM of the X chromosome in females should be nearly two-fold higher than that in males (Ma et
al. 2020). Based on this presumption, the shortest chromosome was determined to be the X chromosome,
with nearly double the MRPM in females compared to that in males (1,414,872 versus 859,724). For the
other 5 chromosomes, the female/male ratio of the MRPM ranged from 0.87 to 0.97, which is suggestive of
autosomes (Figure 3, Table S14).

Gene family identification and phylogenetic tree construction

To investigate the phylogenetic position of R. pedestris , protein data from 12 hemipteran insects were
retrieved from public database, and D. melanogaster was used to root the tree. A total of 23,850 gene
families were clustered by OrthoMCL, and we selected 963 single copy genes with 356,827 reliable sites to
construct the phylogenetic tree. The results showed thatR. pedestris is a sister taxon to the milkweed bug
O. fasciatus , and the 2 species diverged from their common ancestor at approximately 35 million years
ago (Figure 5). Three hematophagous bugs (R. prolixus , C. lectularius , and T. rubrofasciata ) form a
sister lineage, and they clustered with three herbivorous bugs in Heteroptera. There were 27, 216, and 45
gene families identified as Sternorrhyncha-specific, Auchenorrhyncha-specific, and Heteroptera-specific, re-
spectively. Gene-family expansion/contraction analysis demonstrated a higher frequency of gene contraction
in Heteroptera. Compared with O. fasciatus , 817 gene families in R. pedestris underwent expansion, while
1130 gene families in R. pedestris underwent contraction (Figure 5).

Chromosome synteny

T. rubrofasciata (680 Mb in genome size), which is the only chromosomal-level bug genome available in the
Heteroptera suborder, was reported to have 13 chromosomes, while R. pedestris has only 6 chromosomes.
Synteny analysis demonstrated some fusion or fission events between the two bug species (Figure 6). For
example, R. pedestrisChr1 contains segments from T. rubrofasciata Chr3, Chr5, Chr6, Chr7, and Chr11,
and R. pedestris Chr2 contains segments fromT. rubrofasciata Chr1 and Chr4. The sex chromosome of R.
pedestris showed high synteny with T. rubrofasciata Chr12 and Chr13. It is likely that Chr12 or Chr13
might be the sex chromosome ofT. rubrofasciata , which deserves further investigation.

4 Conclusion

In conclusion, we present the first chromosomal-level genome for an herbivorous species from the Heteroptera
suborder. R. pedestrisis XO-determinant, with the shortest chromosome being the sex chromosome. The
assembled genome sequence and the gene expression patterns in different tissues or different development
stages provides a valuable opportunity to understand the molecular mechanisms underlying insect-microbe
interactions, plant–insect interactions, and pesticide resistance.
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Table 1 Assembly features for genomes of Riptortus pedestris and other Heteroptera species

Feature
Riptortus
pedestris

Oncopeltus
fasciatus

Halyomorpha
halys

Rhodnius
prolixus

Gerris
buenoi

Cimex
lectularius

Triatoma
rubrofasciata

Total size
(Mb)

1.193 1,099 1,150 702 1,150 713 680

Level Chr. Scaf. Scaf. Scaf. Scaf. Scaf. Chr.
Scaffold
N50 (Kb)

181,335 340 802 1,088 344 947 97,329

No.
Scaf/Chr.

6 15,991 16,639 16,537 20,268 13,151 13

Contig
N50 (Kb)

13,968 4 18 36 4 13 2,710

BUSCO 96.5% 98.9% 96.7% 96.6% 97.100% 99.1% 98.2%
Genes 21,562 19,616 24,450 15,076 20,949 24,255 12,691
GC
content

33.96% 32.7% 30.90% 27.1% 32.46% 29.94% –
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Figure legends

Figure 1. The bean bug Riptortus pedestris poses a major threat to soybean production. (A) R. pedestris
life cycle. (B) Staygreen syndromes, including increased numbers of abnormal seeds, more empty pods, a
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. lack of leaf senescence, and decreased yields, caused by

R. pedestris.

Figure 2. Identification of chromosomes in Riptortus pedestris. (A) DNA interaction heatmap
generated in Hi-C interaction analysis. The shading gradient represents the chromosome interactions. (B)
Chromosomic staining of female and male salivary gland cells inR. pedestris . The blue signal indicates the
condensed chromosomes.

Figure 3. Landscape of the assembled Riptortus pedestrisgenome. From the outside in, the first
circle shows the 6 chromosomes. The second circle showed the GC contents. The third and fourth circle
showed the female and male MRPM value, respectively. The fifth circle showed the ratio of MRPM between
female and male. The sixth circle showed the transcriptional reads from 37 different development stages.
All data was calculated on a 1-Mb scale.

Figure 4. Analysis of Serratia marcescens Rip1. (A) Landscape of the assembled Serratia marcescens
Rip1 genome. From the outside in, the first circle showed the nucleotide sequence positions (in Mb). The
second circle showed the virulence factors and antibiotic-resistance genes in the genome. The third and fourth
circle showed the predicted genes that transcribed in clockwise and anticlockwise, respectively. The fifth
circle showed the GC contents on a 10-Kb scale. rfaF, ADP-heptose-LPS heptosyltransferase II; gpt, glycerol-
3-phosphate transporter; PmrB, two-component system sensor histidine kinase BasS; alaS, aminocoumarin
resistant gene; kdpE, two-component system response regulator KdpE ; fbpC, Iron (III) ABC transporter;
galE, UDP-glucose 4-epimerase; msbA, Lipid transporter ATP-binding/permease; mfd, transcription-repair
coupling factor; shuU, ABC transport system; SRT-2, class C beta-lactamase; cysB, aminocoumarin resis-
tant transcriptional regulator CysB; flg, flagella synthesis genes; katG , catalase/peroxidase HPI ; omp36 ,
porin OmpC; fepG, Iron-enterobactin ABC transporter permease; lpxD, UDP-3-O-(3-hydroxymyristoyl) glu-
cosamine N-acyltransferase; AAC(6’)-Ic, aminoglycoside N-acetyltransferase AAC(6’)-Ic. (B) Phylogenetic
relationship between Serratiaspecies.

Figure 5.Phylogenetic analysis ofRiptortus pedestris with other insect species. The phylogenetic
position of R. pedestris was determined based on 963 single copy genes with 356,827 reliable sites. D.
melanogaster was used to root the tree. 1:1:1 indicates single copy genes, and N:N:N indicates multicopy genes
across 14 insect species. The Sternorrhyncha, Auchenorrhyncha, and Heteroptera indicate suborder-specific
genes, respectively. The estimated species divergence time is illustrated at the bottom of the phylogenetic
tree. Gene family expansion (red) and contraction (green) are illustrated at the branches and nodes of the
tree.

Figure 6. Genome synteny between Triatoma rubrofasciataand Riptortus pedestris. Synteny
analysis demonstrated fusion or fission events between the two bug species.

Supplemental material

File1. Gene expression pattern of Riptortus pedestris at different development stages and in
different tissues

File 2. Identified proteins in different tissues by LC-MS/MS

Figure S1. The 19-mer depth distribution for genome size estimation analysis of Riptortus
pedestris.

Figure S2. BUSCO analyses of assembled genome. The assembled genome was subjected to BUSCO
analyses against insect, arthropod, metazoan, and eukaryote datasets. C, complete BUSCOs; S, complete and
single-copy BUSCOs; D, complete and duplicated BUSCOs, F: fragmented BUSCOs, M: missing BUSCOs.

Figure S3. The chromosomes synteny of S. marcescens Db11 and S. marcescens Rip1. The
location of a gene in two genomes were determined. Each dot represents a gene.
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. Figure S4. BUSCO analyses of predicted genes. The predicted genes were subjected to BUSCO
analyses against insect, arthropod, metazoan, and eukaryote datasets. C, complete BUSCOs; S, complete and
single-copy BUSCOs; D, complete and duplicated BUSCOs, F: fragmented BUSCOs, M: missing BUSCOs.

Figure S5.Venn diagram of annotated genes in Riptortus pedestris genome. Genes annotated by
NCBI Nr, Swiss-Prot, KOG, KEGG, and GO databases were shown.

Figure S6. KOG function classification of predicted genes in Riptortus pedestris genome.

Figure S7. GO analysis of predicted genes in Riptortus pedestrisgenome.

Figure S8. KEGG analysis of predicted genes in Riptortus pedestris genome.

Figure S9. Six tissues disserted from adult Riptortus pedestris. (A) Observation of carcass, testis,
gut, muscle, ovary, and fat body under the stereoscope. Bar: 0.5 mm. (B) SDS-PAGE analysis of disserted
tissues.

Figure S10 Enrichment analysis of tissue-specific genes.Enriched KEGG terms (left column) and GO
terms from gut-specific (A), carcass-specific (B), muscle-specific (C), testis-specific (D), and ovary-speicic
(E) genes were illustrated.

Figure S11 WGCNA analysis of Riptortus pedestrisgenes from 37 different development stages.

Table S1. The protein datasets retrieved from public database.

Table S2. The statistics of PacBio reads after quality control.

Table S3. The statistics of contig-level assemblies.

Table S4. The statistics of Hi-C data.

Table S5. The statistics of repetitive sequences inRiptortus pedestris

Table S6. The statistics of SSR in Riptortus pedestris

Table S7. Bacteria-origin scaffolds in genome-assembly

Table S8. Comparative analysis of antibiotic resistance genes in Serratia sp.

Table S9. Comparative analysis of predicted virulence factors inSerratia sp.

Table S10. The statistics of ONT reads after quality control.

Table S11.Gene functional annotation of Riptortus pedestri

Table S12. Summary of ncRNA in Riptortus pedestris

Table S13. RNA-seq data from 6 different tissues and 37 different development stages

Table S14. Mapped reads per million (MRPM) analysis of each chromosome in male and
female Riptortus pedestris
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