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Figure 1. Leaf-cutter ants (Atta cephalotes) cut fresh leaf 
material at large scales, forming visible foraging trails (a) to 
bring the leaf material as a food source to their specialized 
fungus gardens (b). Bacteria are known to co-exist within 
the fungus garden, as can be seen from this SEM image (c). 
We can detect terpenes from the fresh leaf material in the 
fungus gardens using GC-MS. One Atta laevigata sample 
collected in an area with eucalyptus had detectable amounts 
of PSC, such as -pinene, p-cymene, eucalyptol, and 
caryophyllene oxide (36) (d). Photo credits: panel A Alexan-
der Wild; panel B Lily Khadempour; panel C Rolando 
Moreira-Soto, reprinted from reference (30).
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Figure 2. Tolerance of different Leucoagaricus sp. strains when exposed to eight PSC. The growth of Leucoag-
aricus sp. was qualitatively scaled (a). Each isolate was exposed to eight compounds using a disc assay, done in 
triplicate. The growth for each isolate was then scored and averaged across the 3 technical replicates (b). The 
terpene class is indicated by the superscript number. 1= monoterpene, 2=terpenoid, 3= alkylbenzene related to 
monoterpene, 4=sesquiterpene.
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Figure 3. Bacteria isolated from different genera of fungus-farming ants (isolate numbers color-coded by 
colony of origin) are predicted to have genes involved in PSC transformation (a) and are able to survive in 
the presence of eight PSC (b). (a) ko01220:m00539 corresponds to the cumate degradation module in the 
degradation of aromatic compounds pathway. ko01220:m00545 corresponds to the trans-cinnamate degra-
dation module in the degradation of aromatic compounds pathway. ko00281 corresponds to the geraniol 
degradation pathway. ko00903 corresponds to the -pinene/limonene degradation pathway. The shared 
genes between the geraniol pathway and the -pinene/limonene pathway are K01692, K01825, and 
K01782. All of the pathways are presented as proportions with 1 being 100% of the genes predicted to be 
present and 0 being 0% of the genes predicted to be present. CYP102A1 and shc are single genes and so 0 
or 1 indicates the absence or presence of that sequence, respectively. 31/42 annotations are displayed here, 
the annotations for the remaining 11 genomes are included in supplementary, in addition to the metagenome 
and metatranscriptome annotations (Tables S3, S4, S7) (b) 46 isolates were tested but 31 isolates are 
displayed as these are isolates that have genomes and were tested for tolerance. Data from all 46 isolates are 
provided in Figure S1. 
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Figure 4. PSC reduction in vitro by 15 bacterial isolates. Bacterial isolates are grouped by 
their genus-level identification on the x-axis. The y-axis is the percent change of PSC 
recovered compared to a non-bacterial control vial (10% TSB + compound). Each point 
represents the average of three GC-MS measurements and the bars are the standard devia-
tion of the observations.
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Figure 5. Three sub-colonies of three Atta cephalotes colonies were exposed to -pinene for 12, 24, 36 hours and reduction of pinene was measured in the headspace (a). Leuco-
agaricus sp. from the lab colonies, as well as the Atta sp. strains tested in Figure 2, were grown on PDA and then exposed to -pinene for 36 hours. Headspace measurements were 
collected and compared to a vial with only PDA (b). In (a) and (b) each point represents a single measurement and is superimposed on top of a boxplot. The y-axis indicates the area 
under the curve with a retention time of ~3.2 minutes, indicating the level of -pinene in the headspace of each vial. The asterisks (*) indicate signifiance (p < 0.05) between the 
fungus garden samples at different time points. The cross symbol (†) indicates significance (p < 0.05) between the fungus garden sample and the control vials at the same time point. 
The pictures are examples of the experimental set up for each treatment. 
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