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Figure S1. Diagnostic PCR detection of Buchnera, Arsenophonus, and Hamiltonella of Ce. japonica,

related to Figure 1.

(A) Symbiont detection in Ce. japonica populations. Each sample ID number corresponds to that of Figure 1B-D.

(B) Symbiont detection in Ce. japonica individuals. Samples of s1-3, t1-3, n1-3, and m1-3 were derived from

Sakata-koen (populations #2—4 in Figure 1), Tsushima (#24-26), Norikura (#14), and Matsudaira (#18-20),

respectively.

B, A, H, M, p.c., and n.c. means Buchnera, Arsenophonus, Hamiltonella, DNA size marker, positive control, and

negative control, respectively. Each bacterial symbiont was detected using specific primers targeting a

single-copy gene, dnaK. PCR product sizes of dnaK of Buchnera, Arsenophonus, and Hamiltonella are 186, 192,

and 117 bp, respectively. DNA size markers shows 3,000, 1,500, 1,000, 900, 800, 700, 600, 500, 400, 300, 200,

and 100 bp, from top to bottom.
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Figure S2. Phylogenetic analysis of Arsenophonus, related to Figure 2.

(A) Maximum likelihood (ML) tree of Arsenophonus based on the length of 1,451 bp of 16S rRNA sequences.
Escherichia coli and Proteus mirabilis were used as outgroups.

(B) ML tree of Arsenophonus based on concatenated 204 single-copy orthologous protein sequences composed of
54,777 amino acid residues with recoding by the Dayhoffé matrix. E. coli and P. mirabilis were used as outgroups.
Target symbionts in this study are highlighted in red on each tree. Bootstrap values no less than 70% are indicated on

each node. Scale bars represent 0.03 and 0.1 substitutions per site.
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Trichobius parasiticus PLICAACEATCTCTAGCTGGTCTGAGAGGA[SGIT CAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGT GGGGAAT[ST TGCACAAT GIEES]
Ceratovacuna japonica kKA GGCGAAAGCCTGATGCAGCTATGUCGCGT GTATGAAGAAGGCCTTAGGGTTGTAAAGTACTTTCLIGTTGT GALIGAAAMT ARYTILIALNT TAAT A AT LA LT B2
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Trichobius parasiticus [T T CCATGTGTAGCGGTGAAATGCGTAGA AT TGEIIAGGAATACCAGTGGCHAA cecellccccecTNollcAaABACTGACGCTCATGTGCGAAAGCGT GGGIRET]
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Lipoptena cervi RENA GeEGAACT CAlJAAAGTAEGT CLIAANTIHCGGAT TIEGAGT CTGCAACT CGACT CHAT GAAGT CGGAAT CGCTAGTAATCGCGEAT CAGCAT GHiCGCGGT GA[RELY
Trichobius parasiticus fHZMA GCL\GAACT CAMAAAGT AIIGT CLIAA LT LICGGATTINGAGT CTGCAACTCGACT CHIAT GAAGT CGGAATCGCTAGTAATCGCG AT CAGCAT GeCGCGGT GARELY]
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Acyrthosiphon pisum AR CLYAT TGAAGAGTTTGATCATGGC TCAGATTGAACGCTGGTGGCAGGCCTAACACATGCAAGTCGAGCGGCATCGAGTGALICGCAGTTTACTGAGT TCA TG
Ceratovacuna japonica L TCGGCGAGCGGCGGACGGGTGAGTAAAGTCTGGGAATC TGGCCGAAGGAGGGGGATAACTGC TGGAAACGGCAGC TAATACCGCATGAAGTCGCGAGACCENET
Acyrthosiphon pisum A TCGGCGAGCGGCGGACGGGTGAGTAAAGTC TGGGAATC TGGCCGAAGGAGGGGGATAACTGC TGGAAACGGCAGC TAATACCGCA TGAAGTCGCGAGA CClwil]
Acyrthosiphon pisum PAIBAAAGTGGGGGACCTTCGGGCCTCACGCCTTCGGATGAGCCCAGATGAGATTAGC TGGTAGGTAAGGTAAAGGCTTACCTAGGCGACGATC TCTAGCGGG TR
Ceratovacuna japonica pELBC TGAGAGGA TAGCCCGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCC TGA TGCAGRKRELS
Acyrthosiphon pisum KUNC TGAGAGGATAGCCCGCCACACTGGAACTGAGACACGGTCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGAAAGCC TGATGCAGEEI
Ceratovacuna japonica KLBCCATGCCACGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAAGCGATAAATGCGAATACCATTTATTTTTGACGTTACTCGCAGEESI4
Acyrthosiphon pisum EMBCCATGCCACGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAAGCGATAAATGCGAATACCATTTATTTTTGACGTTAC TCGCAGEEN
Acyrthosiphon pisum EUBAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGAATAACTGGGCGTAAAGGGCATGTAGGCGGTGAGT TR
Ceratovacuna japonica EEEMAAGTCAGATGTGAAATCCCCGAGCTCAACTTGGGAATGGCATTTGAAACTGGGTCGCTAGAGTTTTCTAGAGGGGGGTAGAATTCCAGGTGTAGCGGT GA G
Acyrthosiphon pisum CURAAGTCAGATGTGAAATCCCCGAGCTCAACTTGGGAATGGCATTTGAAACTGGGTCGCTAGAGTTTTCTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGANN(Y

Ceratovacuna japonica LEEMAA TGCGTAGATATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGAGAAAGACTGACGCTGAGGTGCGAAAGCGTGGGGAGCAAACAGGATTAGA TARNETS
Acyrthosiphon pisum [IBAATGCGTAGATATCTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGAGAAAGACTGACGC TGAGGTGCGAAAGCGTGGGGAGCAAACAGGA T TAGA TARRKI]

Acyrthosiphon pisum LMECCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAGGTTGCGGTCTTGAACTGTGGCGTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACCEREI
Ceratovacuna japonica [:tBGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCT TGARREEIS
Acyrthosiphon pisum EUNGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGCAGCATGTGGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCT TGARIVYY
Ceratovacuna japonica EEECATCCACGGAATTGTGCAGAGATGCGCAAGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGT TAAGHIETS
Acyrthosiphon pisum AIBCATCCACGGAATTGTGCAGAGATGCGCAAGTGCCTTCGGGAACCGTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGGT TAAGKEI]
Ceratovacuna japonica WIEZR TCCCGCAACGAGCGCAACCCTUGTCCTTTGTTGCCAGCGCGTAGAGGCGGGAACTCAAAGGAGACTGCCGGTGA TAAACCGEAGGAAGGTGGGGA CGACGRALIS
Acyrthosiphon pisum LU TCCCGCAACGAGCGCAACCCTOGTCCTTTGTTGCCAGCGCGTAGAGGCGGGAACTCAAAGGAGACTGCCGGTGA TAAACCGHIAGGAAGGTGGGGACGA CGRb]
Ceratovacuna japonica LEERTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGGGATGCGAACCTGCGAGGGAAAGCGGAACTCAGAAAGTACKYEH
Acyrthosiphon pisum W URTCAAGTCATCATGGCCCTTACGAGTAGGGCTACACACGTGCTACAATGGCGTATACAAAGGGATGCGAACCTGCGAGGGAAAGCGGAACTCAGAAAGTACKREN]
Ceratovacuna japonica PRELBGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCT TG TRk
Acyrthosiphon pisum KIBGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTREN]
Ceratovacuna japonica QECUBA CACACCGCCCGTCACACCATGGGAGTGGGT TGCAAAAGAAGTAGGTAGCTTAACCGCAAGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAARERLS
Acyrthosiphon pisum JLIMACACACCGCCCGTCACACCATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCGCAAGGAGGGCGCTTACCACTTTGTGATTCATGACTGGGGTGAAREN]
Ceratovacuna japonica QLEBGTCGTAACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCACCTCCTTR 1545
Acyrthosiphon pisum AEUNCTCCGTAACAAGGTAACCGTAGGGGAACCTGCGGTTGGATCACCTCCT T 1549

Figure S3. Alignments of 16S rRNA sequences of Arsenophonus and Hamiltonella, related to Figure 2.

(A) A multiple alignment of Arsenophonus symbionts of Ce. japonica, L. cervi, and T. parasiticus is shown. Sequence identities of
Arsenophonus symbionts between Ce. japonica and L. cervi, and those between Ce. japonica and T. parasiticus are 93.0% and
89.4%, respectively.

(B) A pair-wise alignment of Hamiltonella symbionts of Ce. japonica and A. pisum. The sequence identity between these two
sequences is 99.8%.

See Table S3 for the accession number of 16S rRNA sequences used for these alignments.
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Figure S4. Structure of bacteriome, related to Figure 3.
Confocal microscopy images of bacteriomes are shown.
(A) Hoechst 33342 signals.

(B) FM 4-64FX signals.

(C) A merged image of (A) and (B).

(D) DAPI signals.

(E) Phalloidin signals.

Scale bars show 50 ym in (A-E).
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Figure S5. Taxon-annotated GC-coverage plot for metagenomic assembly, related to Figure 4.

Each blob indicates the contigs in the assembly. The blob colors are based on the best match to the taxonomically
annotated RefSeq protein database using DIAMOND. Annotated contigs as “Arthropoda” were shown as the label
“Host” and the label “Others” means contigs do not hit Buchnera, Arsenophonus, Hamiltonella, or Arthropoda. The size
of the blobs indicates the length of the contigs. Buchnera pLeu plasmid was not found in the initial assembly used in

this analysis.
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Figure S6. Synteny plots of chromosomes of Buchnera, Arsenophonus, and Hamiltonella, related to Figure 4.
Genomic synteny between symbionts is visualized.
(A) Buchnera of Ce. japonica and A. pisum (BA000003.2). The synteny is well conserved among the two Buchnera genomes,
whereas several gaps are discernible.
(B) Buchnera of Ce. japonica and Ci. cedri (CP000263.1). The synteny is well conserved, whereas several gaps are
discernible.
(C) Arsenophonus of Ce. japonica and N. vitripennis (CP038613.1). Little syntenic blocks are recognizable.
(D) Arsenophonus of Ce. japonica and L. cervi (CP013920.1). Little syntenic blocks are recognizable.
(E) Hamiltonella of Ce. japonica and A. pisum (CP001277.1). Syntenic blocks are observed with a number of inversions and
rearrangements.
(F) Hamiltonella of Ce. japonica and B. tabaci (CP016303.1). The synteny looks well conserved with some deletions and

inversions.



Figure S7. The infection process of Hamiltonella during embryogenesis, related to Figure 5.

(A) The developmental stage of an S-shape embryo. Hamiltonella is also infected into the embryo from the posterior part
with Arsenophonus.

(B) The developmental stage of early germ band retraction after katatrepsis. Masses of Hamiltonella are observed
around the bacteriome.

(A and B) Blue (DAPI), green (Cy5), and red (Cy3) indicate nuclei, Hamiltonella, and Arsenophonus, respectively. Scale
bars show 50 ym in (A and B). hd, head.
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