Separation and purification of Bxs
[bookmark: _GoBack]A total of 100 g of 2-leaf-stage maize seedlings was ground into powder in liquid nitrogen, and 1000 ml of methanol was quickly added. This step inactivates hydrolase activity and preserves the inteegrity of the glycosylated Bxs. After vibration for 10 min at 250 rpm and 10 min of centrifugation at 10,000 × g, the separated supernatant was evaporated to dryness, and 500 ml of ice-cold ultrapure water was added to resuspend the precipitate. Bxs, including DIMBOA, DIMBOA-Glc, HMBOA-Glc, and HDMBOA-Glc, were then purified from the resuspended liquid using 100 g of Amberlite XAD-7 (Sigma) according to previously described methods [1]. The crude Bxs extract was further purified and separated by rinsing the Sephadex LH-20 chromatography column with 50% methanol. For the preparation of crude Bxs extract used as a substrate for natural endophytes and P. dispersa, we added methanol at a 4:1 (v/w) ratio to the maize leaf tissue (previously ground with liquid nitrogen). After brief vortexing, methanol was evaporated under nitrogen blowing, and 4 volumes of PBS buffer (pH 8.5, based on the measured pH in in the gut of FAW is 8.5) were added. The mixture was then vortexed at 2000 rpm for 10 minutes and centrifuged at 12,000 × g for 10 minutes. The supernatant, serving as a crude extract containing Bxs and proteins, was collected and filtered through a 4 µm membrane for sterilization, to be used in mimicking the nutritional conditions in FAW guts.
Screening of Bx-metabolizing bacteria
[bookmark: OLE_LINK3][bookmark: _Hlk153981935][bookmark: _Hlk177217159][bookmark: _Hlk178518978][bookmark: _Hlk178518919]We initially determined that the pH of the FAW gut was 8.5 and all the media in this study were subsequently adjusted to a pH of 8.5 before use. To explore whether there were any endophytic bacteria capable of utilizing Bxs as the sole carbon and/or nitrogen source in the digestive system of FAW, field-collected 5th instar FAW larvae were starved for 24 hours, and the digestive system (including gut and Malpighian tubules) was then dissected and ground into a suspension using 0.4 ml of PBS buffer. Fifty microliters of the suspended digestive system solution was added to 10 ml of each of the following media: (1) mineral medium (containing 9.5 mM KH2PO4, 4.8 mM MgSO4, 0.1 mM CaCl2, 0.8 mM Na2HPO4) plus Bxs at biological concentrations (i.e., Bxs extracted from 1 g fresh leaves were dissolved in 1 ml medium), in which Bxs served as the sole carbon and nitrogen source. After 24 h of incubation (at 28 °C and 200 rpm), 0.1 ml of each of the cultures described above was transferred into new tubes containing 4 ml of the corresponding liquid medium, and this reinoculation process was repeated for 7 rounds over a week at 28 °C under dark conditions (Fig. 1A). After 7× dilution/enrichment aimed at differentiating between bacterial species that cannot or can metabolize Bxs, 0.1 ml of culture from each of the final tubes was plated on an agar plate (solidified with bacto agar) containing the corresponding medium. After an additional 7 days of plate cultivation at 28 °C in the dark, individual isolates were picked, purified, grown on LB media (to enlarge cultivation), and subsequently preserved. To confirm the role of each isolate in the metabolism of Bxs, each single colony with an OD ranging from 0.6-0.8 was cultured in LB media, centrifuged at 5000 × g for 10 min, and washed with PBS buffer four times. These isolates were then diluted 10 times and further inoculated into the following media: (1) mineral medium as mentioned above (No CN), or (2) mineral media described above plus 2 mM glucose and Bxs, in which Bxs served as the sole nitrogen source (Plus C), or (3) mineral media described above plus 9 mM NH4Cl and Bxs, in which Bxs served as the sole carbon source (Plus N). Thereafter, the ability of these strains to metabolize Bxs was determined via an LC‒MS system (LCMS8040, Shimazu) by quantifying the remaining Bxs 3 h after inoculation [2]. For the determination of Bx levels in the gut, Malpighian tubules, frass of FAW, and the maize tissues dissected from the FAW gut, the relative level of each Bx compound was normalized by dividing the fresh weight of each sample (except for frass, which was divided by dry weight) and the area of the external standard, as previously described [3].For species identification, the 16S rRNA products were amplified using standard primers 27F (AGAGTTTGATCMTGGCTCAG) and 1492R (ACCTTGTTACGACTT), and subsequently sequenced. 
GFP labeling and P. dispersa location imaging
[bookmark: _Hlk177761179]The colonization of both maize and FAW by P. dispersa was tracked utilizing a pPROBE-pTetr-TT plasmid containing the green fluorescent protein (GFP) gene, which was introduced into P. dispersa through electroporation techniques [4]. This plasmid, conferring resistance to tetracycline, was provided by the Agriculture College, Guangxi University, Nanning, China [5]. One millilitre of LB-cultured GFP-labeled P. dispersa (OD of 0.8-1.0) was centrifuged at 5000 × g for 5 min, and the precipitate was resuspended in 1 ml of PBS buffer and then added to the roots of one-week-old maize seedlings grown in 1 L Hoagland solution in a controlled greenhouse, or spray on maize laves. Three days later, the location of P. dispersa in the maize roots and leaves was imaged. Four days after inoculation, the maize seedlings were then transplanted into the soil, and 3-4 fully expanded leaves (newly grown after P. dispersa treatment) were used to feed newly hatched FAW larvae until they reached the 5th-6th instar. The larvae were then imaged to detect the presence of P. dispersa in Malpighian tubules (5th instar) and in the testes (later 6th instar). All images were taken with a motorized fluorescence stereomicroscope (SMZ-18, Nikon) equipped with a 13.5 × objective lens (Nikon), as well as a research microscope equipped with fluorescence filters and light source (Leica DM5500 B).
Plants, aseptic insect handling and inoculation with symbionts
All maize plants and bx2 mutant used in this study were described previously [6]. Eggs of the herbivores used in this study were obtained from KeYun Pests (https://shop101732681.taobao.com). To obtain aseptic insects, eggs were surface-sterilized using 2% bleach for 5 min, rinsed twice with autoclaved water, and reared on a sterilized artificial diet composed of 50 μg/g gentamicin, 100 μg/g streptomycin, and 50 μg/g rifampicin at 25 °C for 3 days. The larvae were further fed on 1) diets containing tetracycline (10 μg/g) for 2 days. The larval frass was then suspended in PBS to create solutions for LB plate spreading. The colony count confirmed that larval frass from antibiotic-treated larvae showed 99.5 % reduction in the number of resulting colonies compared with that of the control group (larval frass from those only eating autoclaved diets without antibiotics). These larvae were used as aseptic insects; 2) diets containing tetracycline (10 μg/g) and GFP-labeled P. dispersa (10,000 CFU/g diet) for 2 days. These larvae were P. dispersa inoculated FAW. Both aseptic and P. dispersa-inoculated FAW were used for subsequent herbivore bioassays (feeding on maize or diet for the next 4-5 days) or allowed to lay eggs for the next generation. Herbivore performance was indicated by the final larval mass 9-10 days after hatching as previously reported [2]. For gut content collection, we dissected the gut (including Malpighian tubules) from FAW starved for 4 hours. The dissected gut was vortexed in 1 ml of PBS buffer three times, and then filtered through a 40 µm membrane to remove gut tissues. The gut contents were collected by centrifugation at 5000 × g for 5 minutes and washed three times with PBS buffer. The inoculation of these gut contents, from the aseptic, normal, and P. dispersa-inoculated FAW, in crude Bxs extracts was also conducted for determining Bxs metabolism.
Collection of field samples, preparation of DNA and qPCR
To verify the presence of P. dispersa within both maize and FAW guts in farmlands, we collected larvae and maize samples from seven locations in China, spanning the geographical coordinates of 98.495 E to 112.332 E and 18.386 N to 24.755 N (Fig. S1) during the FAW outbreak season (August 2021 to August 2023). We collected 4th-5th instar FAW larvae as well as the maize leaves on which the FAW was fed. Leaf samples were approximately 2-3 cm in length and taken from 2 cm away from where the caterpillars had been feeding. To reduce the variation in the field samples, a minimum of 10 gut samples or maize leaf samples were combined into one biological replicate.
[bookmark: _Hlk177761397]For total microbial genomic DNA extraction, samples were ground in liquid nitrogen, and 1.5 ml of PBS buffer was then added to the powdered material. The mixture was then shaken at 2000 rpm for 2 minutes. The resulting blend was then passed through a 40 µm filter membrane to separate residues from the filtrate. The filtrate underwent additional centrifugation at 10,000 × g for 10 minutes, and the supernatant was discarded, leaving the bacterial cells in the pellet. Total DNA was extracted from different tissues of FAW, the eggs of FAW, and the maize leaves, using a DNeasy PowerSoil Kit (QIAGEN, Inc., Netherlands). This extraction process was carried out individually for both residues and pellets following the manufacturer’s instructions, with the resulting DNA combined for 16S rRNA sequencing as well as the absolute quantification of P. dispersa. Gene-specific primers for the amplification wild-type of P. dispersa (F: GGTGAGGTTAATAACCTTG, R: GGATTTCACATCTGACTTA) and GFP-labeled P. dispersa (F: ACCACTACCTGAGCACCCAG, R: TCCAGCAGGACCATGTGATC) were used. To achieve absolute quantification of this species, Escherichia coli cells containing a plasmid containing an artificial DNA fragment before DNA extraction as an external standard were added to the samples before DNA extraction according to our previous studies [7]. The qPCR results (gene copy numbers) were calibrated using known concentrations of the inserted plasmid.
16S rRNA sequencing of larval gut microbiota
To compare the effects of gut habitats of FAW, M. separata, and S. litura on the enrichment of certain microorganisms, newly hatched larvae of these pests were raised to the 5th instar stage on maize leaves cultivated within a controlled greenhouse (at 25 ± 4 °C/20 ± 4 °C, day/night). After 24 h of starvation, the guts from larvae of these three species were harvested, and 20 larvae of each species were pooled as one biological replicate, and stored at -80 °C. Following the extraction of microbial genomic DNA from these guts as mentioned above, full-length (V1-V9) bacterial 16S rRNA gene sequences were amplified using barcoded 27F (AGRGTTYGATYMTGGCTCAG) and 1492R (RGYTACCTTGTTACGACTT) primers. After the construction of the clone library, 16S rRNA sequencing was performed on the PacBio Sequel platform at Shanghai Personal Biotechnology Co., Ltd. (Shanghai, China). A table comprising various ASVs (amplicon sequence variants) was generated.
To compare microbial community composition within gut samples across these three insect species, principal coordinate analysis, hierarchical clustering analysis, and permutational analysis of variance were conducted using Vegan (version 2.5.5) within the R statistical platform. Furthermore, a phylogenetic analysis was performed in MEGA11 using the neighbor-joining method (1000 replicates) to depict the evolutionary relationships of P. dispersa relative to other commensal species.
Genome sequencing of P. dispersa
Genomic DNA of P. dispersa was extracted using the Wizard Genomic DNA Purification Kit from Promega. For whole-genome sequencing of P. dispersa, we employed the Illumina MiSeq and PacBio sequencing platforms, which were provided by Shanghai Personalbio Technology Co., Ltd. To ensure data quality, adapter removal and SOAPec were utilized to eliminate joint contamination and filter out low-quality reads [8], respectively. For assembly of the filtered PacBio sequencing data, HGAP and CANU software were used [9] to generate contig sequences. These contigs were further refined using second-generation high-quality data through Pilon. We then utilized GeneMarkS software to predict protein-coding genes and tRNAscan-SE for tRNA prediction [10]. Furthermore, the Barrnap software (version 0.9-dev) was used for rRNA prediction and the Rfam database was used for predicting other noncoding RNAs. To annotate the protein-coding genes, we used the NonRedundant Protein Sequence Database (NR), Kyoto Encyclopedia of Genes and Genomes (KEGG), and Nonsupervised Orthologous Groups (eggNOG) databases, as well as the Swiss-Prot database, as described previously[11].
Transcriptomic analysis of P. dispersa
P. dispersa was first cultured in liquid LB media to an OD of 0.8-1.0. After centrifugation at 5000 × g for 10 min and washing with mineral media 3 times, the collected P. dispersa was grown in two different media: mineral medium (Con) and mineral medium plus Bxs at the biological concentration (Bx) for 2 h before sample harvesting. Total RNA from P. dispersa was isolated using TRIzol reagent (Invitrogen Life Technologies). To analyze the RNA, we employed next-generation sequencing (NGS) on an Illumina sequencing platform, which was carried out by Shanghai Personal Biotechnology Co., Ltd. To ensure data quality, Cutadapt was used to remove 3' joints and filter out low-quality reads [8]. Subsequently, Bowtie2 was utilized to compare the filtered reads against the reference genome of P. dispersa. For gene expression quantification, HTSeq 0.6.1p2 was used to determine the expression of genes. Then, DESeq (version 1.18.0) was used to identify DEGs [11].
Enzyme activity experiment
Target gene cloning was carried out by using purified P. dispersa plasmid DNA (1 ng) as a template. Cloning was performed following the instructions using Phanta® Max Super-Fidelity DNA Polymerase (Vazyme Biotech Co., Ltd.). Corresponding gene ID and primers used are listed in Table S3. After obtaining PCR products with enzyme-cutting adapters, double digestion with BamH1 and Sal1 was performed, and the products were ligated into the pet32a+ vector and sequenced. The resulting subcloning vectors were subsequently introduced into the BL21 strain.
[bookmark: _Hlk154586100][bookmark: _Hlk178514043]After overnight shaking at 37 °C, the culture was expanded 1:200 when the OD reached 0.4-0.6, followed by the addition of 1 mM IPTG. Induction was carried out at 16 °C and 130 rpm for 24 hours. Bacterial cells were then collected by centrifugation and washed twice with sterile water. A portion of the enriched bacterial cells was lysed with lysozyme, and the target protein was purified with a His-tag Protein Purification Kit (Beyotime Biotechnology) and further analysed via PEAG gel electrophoresis and western blotting with a His-tag antibody (Abmart). Another portion of the enriched bacteria was cultured at 28 °C for 3 hours in mineral media supplemented with 1 mM IPTG and a biological concentration of Bxs. BL21 strains expressing the pet32a+ empty vector was used as negative control, while P. dispersa strains served as positive control. Moreover, enzyme activity was also performed by incubating the purified target proteins (1µM, with protein purified from empty vector as a control) with Bxs in the 25 mM Hepes buffer (pH 7.0) as previously reported [12]. The Bx levels were determined via an LC‒MS system.
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