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S1.1 Collection of Colonies
Colonies of Sericomyrmex amabilis, and mixed nests of S. amabilis with Megalomyrmex symmetochus were collected during the rainy seasons of 2012-2025. We baited sites with oat and polenta and followed foraging workers back to nests. We collected in Panama at Gamboa (9.12073 ° N, 79.70445 ° W), Plantation Road (9.08172 ° N, 79.65884 ° W), Barro Colorado Island (9.159034006 ° N, 79.8448 ° W), Air and Naval Base Cristóbal Colón (9.279282 ° N, ° W), Pipeline Road (9.152873978 ° N, 79.73666802 ° W),  Bocas Del Toro Island (9.3413 ° N, 79.9783 ° W) and Cerro Azul (9.22954148 ° N, 79.4058953 ° W), and in Costa Rica at La Selva International Research Station (10.43465498 ° N, 84.01375397 ° W). Collections included excavating workers, fungus garden, and parasites (if present) from at least two underground nest chambers. While abroad, colonies were placed in Petri dishes lined with cotton that was moistened every other day and kept in a climate-controlled lab at around 23 °C. They were offered crushed oats, polenta, and flowers to feed their fungal gardens. After being transported to The Ohio State University, each colony was immediately transferred to a plaster-lined nest box, as commonly done for housing fungus-growing ants (Sosa-Calvo et al. 2015). Bacteria and microfungi isolations were completed shortly after (1-3 days) to limit the isolation of non-native microbiota acquired from the lab environment.

S1.2 Gyne Mating
We provided mating opportunities for laboratory reproductives between June and August 2022 from approximately 4-7:00 pm. Five Megalomyrmex symmetochus sister gynes were mated within the same container. They were placed with approximately 20 males from several other colonies in a vented plastic box (12 x 12 x 12 inches) with a water saturated cotton ball. Individuals were taken from the garden surface of lab colonies. A successful mating event was determined when we first observed increased activity of males and females, males flying in the box, and eventually copulation (See Supplemental Video SV1). Some gynes copulated multiple times, presumably with multiple males. Mating attempts were observed as early as 30 minutes after the ants were placed in the box together. After being mated, overall activity decreases and gynes were removed and placed in individual housing chambers containing moist cotton and a fungus garden fragment from their natal host colony, which was refreshed every three days throughout the testing period.

S1.3 Gyne Trail-Choice Assay:
Glass Y-tubes (5 inches long, 6mm OD) were prepared by attaching them to several active sub-colonies made from one large non-parasitized S. amabilis colony. Each were housed in a sterile Petri dish lined with moistened cotton. One arm of each Y-tube was plugged with cotton to prevent workers from entering, thereby directing trail-laying along a single arm. Y-tubes connected individual sub-colonies to a shared foraging chamber, allowing workers to lay a trail for one week before they were disconnected and used in the choice assay.
Each Megalomyrmex symmetochus gyne was placed in a sterile 1.5 mL Eppendorf tube and allowed to acclimate for 20 minutes prior to testing. The tube was then gently opened and connected to the Y-tube apparatus. Latency was measured from the time of opening the acclimation tube to the moment the gyne entered the Y-tube. Total duration on the trail was measured once the gyne was on the trail and until she returned to the acclimation chamber or entered the non-trail-marked arm. Mated gynes frequently reversed direction and re-tracked the trail rather than exiting.

S1.4 Still-Air Olfactometer Alarm-Choice Assay
A still-air olfactometer was constructed using petri dishes, glass vials (Sigma Aldrich Catalogue #: 29000-U), a drill, and adhesive. Vial lids (septa removed) were attached with hot glue just below the drilled holes on the floor of the petri dish, creating entry points. Prior to each trial, the upper perimeter of vials were coated with a 1:1 fluon:DI water solution, to ensure ants cannot escape after entering a vial. A paper barrier was inserted to block holes, and the Petri dish lid was secured, allowing a single M. symmetochus ant (n = 10 colonies tested; gynes n = 57, males n = 24, workers n = 36) approximately 10 minutes to acclimate. Arenas and vials were cleaned between trials. 

Each assay consisted of one vial containing three crushed S. amabilis heads and one empty control vial. To prepare crushed heads S. amabilis workers (VAS190516-01) were immobilized by chilling on ice, after which heads were removed using chemically cleaned dissection forceps. Three heads were transferred to the stimulus vial and crushed using a glass stir rod. Stimulus and control vials were then attached to the pitfall trap. Trials were initiated by removing the stock paper barrier. After 12 hours, M. symmetochus behavior was recorded as one of three outcomes: entry into a vial (stimulus or control) or no choice. 

S1.5 Fungal Garden Bacteria Isolations
Three small fragments of fungal garden (approximately 2-5 mm3) were collected from 15 non-parasitized and 15 parasitized colonies using flame-sterilized forceps and placed in culture tubes containing 1 mL of DifcoTM Luria-Bertani (LB) broth (item no. 244620). Tubes were incubated with continuous shaking (140 rpm) at 28 ºC in aerobic conditions for 24 hrs. Cultures were diluted 1:5 and 100 uL from each tube and plated in triplicate onto DifcoTM LB (item no. 244510) plates containing 100 μg/mL nystatin (antifungal), with LB agar chosen as a media to generally explore the bacterial community. Cultures were monitored daily for one week, at which point colonies were differentiated into morphotypes based on macroscopic features (color, colony shape, colony margins, etc.) and were further isolated by smearing onto LB agar plates. The presence and absence of morphotypes for parasitized and non-parasitized colonies were then determined.

S1.6 Bacterial Isolate DNA Extraction, PCR, and Sequencing
In order to identify the isolates, each unique morphotype was incubated with continuous shaking at 28 ºC in aerobic conditions for 24 hrs in 1 mL of LB broth. These overnight cultures were then centrifuged in order to pull the cells from suspension and to pipette the LB broth out. The cells then had their DNA extracted using a DNeasy Blood & Tissue Kit (Qiagen) for cell cultures using the manufacturer’s protocols. The primers 27F (5'-AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-TACGGYTACCTTGTTACGACTT-3') were used to amplify ~1,500 bp of the 16S rRNA gene to identify the isolates. PCR cocktails were 25µL, and composed of 22µL water, 1µL of 10 μM 27F primer, 1µL of 10 μM 1492R primer, 1µL DNA template, and one PuReTaq™ Ready-To-Go™ PCR Beads (Cytiva). Amplification conditions began with an initial denaturation step at 94° C for 180 seconds, followed by 35 cycles of 94° C for 45 seconds, 50° C for 60 seconds, and 72° C for 90 seconds. Finally, there was an elongation step at 72° C for 10 minutes, then incubation at 4° C. Following PCR and 2% agarose gel visualization, unassembled deoxyribonucleotide triphosphates and oligonucleotides were removed with ExoSAP-IT™ (Applied Biosystems).  Sanger sequencing was completed by the Genomics Shared Resource at The Ohio State University Comprehensive Cancer Center, Columbus, OH (NCI Subsidized Shared Resource, CCSG P30CA016058). They completed the cycle sequencing reaction with Applied Biosystems BigDye™ Terminator v3.1 Cycle Sequencing Kit, and cleaned the samples with the BigDye XTerminator™ Purification Kit before sequencing with a 3730xl DNA Analyzer (Applied Biosystems).

Forward and reverse sequences were processed in Geneious Prime (version 2024.0.7; (Dotmatics, Massachusetts, USA)). When forward and reverse reads were both high-quality (>70% sequence quality), sequences were assembled into contigs using the Geneious Assembler with default parameters. In cases where only a single high-quality read was successfully obtained, the sequence was retained and included in downstream analyses without contig assembly. All resulting contigs and single sequences were queried against the NCBI nucleotide database using BLASTn, with sequence identification based on the highest percent identity matches. Resulting sequences have been uploaded to Genbank (see Supplementary Table S2). A heatmap of the presence for each bacteria in the LB agar replicates for every colony was created in R Studio (version 2024.12.0) using the ComplexHeatmap (version 2.18.0) and circlize (version 0.4.17) R packages (Gu et al. 2014, 2016).

S1.7 Fungal garden microfungi isolation
Microfungi were isolated from 15 parasitized S. amabilis colonies. For each colony, six small fragments of fungal garden (approximately 2-5 mm3) were collected using flame-sterilized needle and placed in two Petri dishes (90x60 mm), one containing Potato Dextrose Agar (PDA) culture media, and the other Malt Agar 2% (MA). All culture media were enriched with Chloramphenicol (150 µg ml–1) to prevent bacterial growth. The plates were maintained in a biological incubator under 25 °C and checked daily for a period of 14 days. Once fungal growth was confirmed in any fungal garden fragment, the whole material with its agar was cut and transferred to a new Petri dish with PDA. Around 80 microfungi were isolated from the small garden fragments. Those were further screened and selected by morphotype based on color, mycelia formation, and sporulation characteristics. A total of 18 distinguishable isolates were selected and confirmed to be pure cultures.

S1.8 Microfungi Isolate DNA Extraction, PCR, and Sequencing
To extract the DNA of the 18 microfungi isolates, they were previously re-plated to a new Petri dish with PDA and maintained for seven days, to obtain a fresh culture. A small mycelium pellet (3 mm3) from each culture was used for DNA extraction. We used the DNeasy Blood & Tissue Kit (Qiagen) and the manufacture’s protocols for this procedure. The primers ITS 4 R (5'-TCCTCCGCTTATTGATATGC-3') and ITS 5 F (5'-GGAAGTAAAAGTCGTAACAAGG-3') were used to amplify ~600 bp of the genetic locus of the 18S, 5.8S, and ITS1 and ITS2 regions of fungi (that transcribe non-functional RNA) (Huffnagle and Noverr, 2014). For the PCR, a final volume of 25µL was used, composed of  10,5 µL water, 1 µL ITS5F primer (10 μM), 1 µL ITS4R primer (10 μM), 1 µL DNA template, and 12,5 µL of PuReTaq™ Ready-To-Go™ PCR Beads (Cytiva). Amplification conditions began with an initial denaturation step at 96° C for 180 seconds, followed by 35 cycles of 94° C for 60 seconds, 55° C for 60 seconds, and 72° C for 120 seconds. Finally, there was an elongation step at 72° C for 30 seconds, then incubation at 4° C. Following PCR and 2% agarose gel visualization, unassembled deoxyribonucleotide triphosphates and oligonucleotides were removed with ExoSAP-IT™ (Applied Biosystems).
The sequencing process and the DNA barcoding steps were the same as described above for the bacterial isolates.

S1.9 Disk-diffusion assay with Megalomyrmex alkaloid venom
We performed disk-diffusion tests to determine whether the alkaloidal venom can inhibit pathogenic fungi that is found in the S. amabilis colonies. We used M. symmetochus fresh venom (with biomolecules), its synthetic alkaloid (without biomolecules), methanol as a solvent control, and the antifungal Amphotericin B, as a positive control for inhibition.
To obtain fresh venom from M. symmetochus, we extracted 40 worker’s glands by gently pulling off the last two abdominal sclerites with forceps. The reservoir was then placed in a 1.5 mL Eppendorf cap-vial and resuspended in 300 µL of molecular-grade methanol. To remove physical debris and obtain only the venom content, the material was later centrifuged at 12.000 rpms in 10 minutes; then, we transferred the extraction to a glass vial. The (5Z,8E)-3-butyl-5-hexylpyrrolizidine and (5E,8E)-3-butyl-hexylpyrrolizidine synthetic molecules were prepared by Dr. Tappey H. Jones (Department of Chemistry, Virginia Military Institute, Virginia, VA) and diluted in molecular-grade methanol to produce a stock concentration of 5 mg/mL. Amphotericin B was also prepared with a concentration of 5 mg/mL. All treatments were checked for quality using GC-MS analysis. In all cases, their respective alkaloids were confirmed present.

Out of the 18 identified fungi isolates, only four were chosen for the assay, based on their known ecological role in the system (i.e., potential pathogens/antagonists; Rodrigues et al., 2008; Sunshine and Van Bael, 2016). A conidial suspension of each fungus was prepared on Triton X 0.01% (Sigma-Aldrich), aiming for 106 conidia/mL (Goes et al., 2022). Per microfungus, 5 plates with PDA (60 x 100 mm) received 80 μL of conidial suspension and evenly spread with a Drigalski rod. After, each plate received 4 paper discs (0.8 mm) previously autoclaved and air-dried. Each disc received 10 μL of one of the treatments. We cultured the plates for 24 hours and the inhibition of halos was measured. Since we did not standardize the concentration of each venom treatment, we compared each individually to their solvent control. We ran a Mann-Whitney U Test per time (α= 0.05), comparing the solvent control of its respective treatments. Analyses were run in R Studio (version 2024.12.0).

S 1.10 MicroCT scanning preparation and volume reconstruction.  
Three ethanol-preserved gynes of M. symmetochus and S. amabilis each were transferred and fixed in a 2% glutaraldehyde, 1M Phosphate buffer solution at pH 7.4 for 2 hours. Specimens were then transferred to a 1% metallic iodine solution in methanol for staining to better contrast and visualize tissues (Gignac et al. 2016). Dry specimens were positioned inside a plastic straw, separated individually by glass wool, held inside a 15mL Flacon tube. Images of specimens were captured on a Thermo Scientific HeliScan micro CT scanner at a voxel size of 2.78 μm for 3 hours and 15 minutes.

We used Fiji, a high-powered distribution of ImageJ (Schindelin et al. 2012), to build stacks every two slices, with a resolution of 5.56 × 5.56 × 16.70 μm. We then converted them to 8-bit nrrd image files for faster processing. We manually segmented every two slices in 3D Slicer (Fedorov et al. 2012; Kikinis et al. 2014) and used the interpolation function to complete the segmentations for thorax and thoracic muscles separately, which we then checked and corrected. 
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