The Koala (Phascolarctos cinereus) faecal microbiome differs with diet in a wild koala population.
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Supplementary Information
Methods
Faecal collection
Mats were placed under koalas observed residing in trees within areas dominated by either E. viminalis or E. obliqua (see Fig. S1 and S2). The Global Positioning System (GPS) locations were recorded once a koala was observed residing in a tree, and tree identification was determined (and recorded), using a hand-held Garmin eTrex 10 GPS unit (Garmin Australia, Eastern Creek, NSW). Waypoints were created for each koala samples were collected from following manufacturer’s instructions.  
Determination of microbial community composition and relative abundance 
DNA extraction
Microbial DNA was extracted from three faecal pellets (technical replicates) per koala using the MoBio PowerSoil® DNA isolation kit (Mobio Laboratories, Carlsbad, California, USA) as per the manufacturer’s instructions and as described by (Costello et al., 2009). Briefly, 0.25 grams (g) of faeces (obtained from inside the pellet), was added to the 750 microliters (µl) bead bed, 100 µl of sterilized milli-Q ultra-pure water and 160 µl of the C1 solution were added and tubes were vortexed on high for 10 minutes (min). Final elution consisted of 100 µl of sterile nuclease-free water (Invitrogen, Mulgrave, VIC, Australia). DNA quality was quantified by Qubit 2.0 Fluorometric assay (Life Technologies, Carlsbad, California, USA).
Terminal restriction fragment length polymorphism (T-RFLP)
All PCR products obtained from individual technical replicates for bacterial and archaeal 16S rRNA gene DNA and fungal ITS DNA were purified separately using the Wizard® SV Gel and PCR clean-up system (Promega, Sydney, NSW, Australia) following the DNA purification by centrifugation protocol. After purification, PCR product concentrations were determined by NanoDrop (Thermo Fisher Scientific). All sample concentrations were standardised to 300 ng / µl. Purified replicates underwent digestion separately using the Hha1 restriction enzyme (Genesearch Pty. Ltd, Arundel, QLD, Australia); each reaction contained 300 ng purified PCR products, 1xNEBuffer, 10 U of Hha1 restriction enzyme (Genesearch) and 2 µg BSA (Genesearch). Appropriate negative controls were used; reaction volumes were adjusted to a total of 10 µl with milli-Q ultra-pure water (Merck Millipore). Samples were incubated using the Dyad Disciple™ Pelter Thermal Cycler (Bio-Rad) at 37° C (3 h) and deactivated at 95° C (10 min). Terminal restriction fragment length polymorphism analyses was undertaken, targeting bacteria, archaea and fungus using primers and conditions described by Singh et al. (2006a). one µl of each DNA extract was submitted for T-RFLP analysis using the ABI 3500 Genetic Analyser (Applied Bio Systems®/Life Technologies Australia) at the Hawkesbury Institute for the Environment (Western Sydney University, Australia).
Diet analysis
n-alkane analysis
Briefly, 0.2 ± 0.01 g of plant or faecal material was weighed out in duplicate into glass scintillation vials and extracted overnight in 1.5 ml of ethanolic potassium hydroxide solution (1 M) containing 0.11 ± 0.01 g n-docosane (C22) and n-tetratriacontane (C34) in n-decane as the internal standard. Alkane analysis was carried out using a 30 m HP-5ms column (Agilent Technologies Pty Ltd, Mulgrave, VIC, Australia) with an internal diameter of 0.25 mm and a film thickness of 0.25 μm (Agilent Technologies), operated with hydrogen as a carrier gas at a flow rate of 1.2 ml min −1. Two microliters of extract were injected into a multimode inlet operating in split mode at 280°C, with a split ratio of 10:1 and an initial oven temperature of 170 °C. The initial temperature was held for 4 min before increasing at a rate of 30 °C min−1 to 215°C and then at 6°C min−1 to 300°C holding for 3 min. The transfer line operated at 280°C, the MS scan range was set from 40 m/z to 600 m/z.
Data analysis 
Bacterial and fungal rRNA community fingerprinting by T-RFLP analysis
Raw T-RFLP data were analysed with GeneMapper v5 (Applied Bio Systems®/Life Technologies). Peak presence/absence data were generated and exported for further statistical analysis as described by Singh et al., (2006b). All multivariate statistical analyses of T-RFLP data were conducted using PRIMER v 7.0.13 (Clarke, 1993) and permutational multivariate analysis of variance (PERMANOVA+, Anderson, 2001 PRIMER-E, Plymouth, UK). Data underwent standardisation (by sample total-default setting) and square root transformation; taxonomic distinctness was assessed using the Bray-Curtis dissimilarity measure (Bray and Curtis, 1957). To test for differences in microbial community composition between koalas eating E. viminalis and koalas eating E. obliqua, we used PERMANOVA+ (Anderson, 2001), PERMANOVA models used for analysis of collection, consisted of fixed (collection) × random (diet), for analysis of individual collection year, fixed (diet) × random (koala) respectively. Principal co-ordinates analysis (PCoA) plots were used to visualise differences in microbial community composition and structure within and between the koalas using R studio v 3.3.1 (R Development Core Team, 2013) using the ggplot2 package (Wickham, 2009).
Parabacteroides and Ruminococcaceae phylogenetic tree construction
The Parabacteroides and Ruminococcaceae phylogenetic trees were constructed using 16S rRNA gene sequences available through NCBIs BLASTn database (previously identified genomes), as well as the 16S rRNA sequences identified during our study. Sequences were initially aligned utilising CLUSTALW (Thompson et al., 1994), the phylogenetic trees were constructed utilising the Phylogeny.fr platform in the ‘one click’ mode (Dereeper et al., 2008), which proceeds through a predefined pipeline including MUSCLE multiple alignment (Edgar 2004). Trees were constructed using phylogenetic maximum-likelihood (PhyML; Guindon & Gascuel 2003) which uses the approximate Likelihood Ratio statistical test for branches (aLRT v3.0), thereby enabling reliability of internal branch length to be assessed (Anisimova & Gascuel 2006; Dereeper et al., 2008). Trees were graphically rendered by TreeDyn (v198.3; Chevenet et al., 2006; Dereeper et al., 2008) within the Phylogeny fr. pipeline and exported in Newick format and visualised using the Mega6 (v6) software (Tamura et al., 2013). 
[bookmark: _GoBack]Diet composition and quality analysis
Foliage was collected from E. viminalis and E. obliqua to profile cuticular n-alkane markers for comparison with faecal marker profiles, allowing us to confirm each individual’s diet composition. These foliage samples were also assessed for nutritional quality.
Results
Bacterial and fungal rRNA community fingerprinting
Analysis of bacterial T-RFLP 16S rRNA gene using the beta diversity metric, Bray-Curtis and principal coordinates analysis (PCoA), indicated a clearly defined separation occurring between koalas eating E. viminalis and those eating E. obliqua, with 22% of the total variation explained by the PC1, there was also a separation occurring along the principal component (PC) 2 axis (17%, Fig. S3), which accounted for the total variation between the combined collection years (2013 and 2015). Assessment of the Bray-Curtis metric using PERMANOVA indicated no influence of collection year (Pseudo F2=1.19 PERMANOVA P=0.49 Fig S3), although it detected a significant influence of diet (Pseudo F2=11.36, PERMANOVA P=0.0001 Fig S3).
[bookmark: _Hlk507774037]PCoA plots of the individual collection years, based on the Bray-Curtis matrices, also demonstrate significant separation occurring between the koalas eating E. viminalis and those eating E. obliqua in 2013, with 45% of the total variation explained by the first PC axis (Pseudo F1=11.75, PERMANOVA P=0.0001; Fig. S4a). The bacterial 16S rRNA gene TRFs for the 2015 collection showed a lesser, but significant, separation (Pseudo F1=5.13, PERMANOVA P=0.0001, Fig. S4b), with the first two principal components explaining 38% of total variation.  PERMANOVA analysis of the Archaeal 16S rRNA T-RFLP data for the 2013 koala collection detected an influence of diet (Pseudo F1=4.82, PERMANOVA P=0.0001; Fig. S6a).  Analysis of fungal samples from the 2013 koala collection demonstrated a significant influence of diet (Pseudo F1=2.41, PERMANOVA P=0.004; Fig. S6b). PCoA scatterplots for archaea identified a small separation between the two diets for archaea, with PC1 and PC2 explaining 38% of variation (Fig. S6a). No separation was detected in the PCoA analysis for fungus (Fig. S6b). Further investigation revealed a separation on PC3 (9.3%). As the most clearly defined separation occurred within the bacterial community, we proceeded to further sequence only the 16S rRNA gene in this study.
Functional differences between previously identified Parabacteroides and Ruminococcaceae genomes
The analysis of 35 previously identified Parabacteroides and 45 Ruminococcaceae genomes identified GH families involved in the degradation of plant cell walls, starch and other components ranging from easily degraded to recalcitrant (Fig. S7). In general, Parabacteroides genomes (associated with E. viminalis diets) possess more genes for oligosaccharide degradation than Ruminococcaceae genomes, while Ruminococcaceae genomes (more strongly associated with E. obliqua diets) possess up to five times the number of enzymatic genes targeting the degradation of recalcitrant cellulose (Fig. S7). Parabacteroides genomes also have more genes from the GH67 and GH85 families, which are involved in the degradation of xylan and chitin, respectively. The genomic potential to degrade tannins appears higher in Parabacteroides, while ATP-binding cassette (ABC) and phosphotransferase system (PTS) transporter genes were more common in Ruminococcaceae (average of 134 ABC and 18 PTS per genome, Table S5) than in Parabacteroides (82 ABC and 6 PTS, Table S5).
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