
Detailed methods
Amplicon production
Previously described primers [1] were used to amplify the hypervariable V4 region of bacterial 16S rRNA. Primers:
F: 5'ACACTCTTTCCCTACACGACGCTCTTCCGATCTNNNNNGTGCCAGCMGCCGCGGTAA3'
R: 5'GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGACTACHVGGGTWTCTAAT3'

NEBNext® High-Fidelity 2X PCR Master Mix (New England Biolabs, France) was used in both PCRs. 5µl of DNA entered a first round PCR with conditions: denaturation for 10 seconds at 98°C, annealing for 30 seconds at 50°C, extension for 30 seconds at 70°C for 20 cycles and finally a 10 minute extension at 72°C. Samples were then purified with AMPure SPRI Beads before entering the second PCR with barcodes incorporated for sample identification. The barcode sequences are the same as those described in the Illumina Nextera protocol. The general sequences of the forward and reverse primers are illustrated below. The 8 bp barcode is underlined.

N501 f:
5'AATGATACGGCGACCACCGAGATCTACACTAGATCGCACACTCTTTCCCTACACGACGCTC3'
N701 r:
5'CAAGCAGAAGACGGCATACGAGATTCGCCTTAGTGACTGGAGTTCAGACGTGTGCTC3'

15 cycles of second round PCR were performed using the same conditions as above for a total of 35 cycles. Samples were purified again with AMPure SPRI Beads before being quantified using Qubit and assessed using the Fragment Analyzer. Successfully generated amplicon libraries were taken forward.

Final libraries were pooled in equimolar amounts using the Qubit and Fragment Analyzer data and size selected on the Pippin prep using a size range of 300-600bps. The quantity and quality of each pool was assessed by Bioanalyzer and subsequently by qPCR using the Illumina Library Quantification Kit from Kapa on a Roche Light Cycler LC480II according to the manufacturer's instructions. The 16S rRNA gene libraries were sequenced on an Illumina MiSeq platform with version 2 chemistry using sequencing by synthesis technology to generate 2 x 250 bp paired end reads. To help balance the complexity of the amplicon library 15% PhiX was spiked in.

Bioinformatic analysis 
Base-calling and de-multiplexing of indexed reads was performed by CASAVA version 1.8.2 (Illumina) to produce 195 samples sequence files, in FASTQ format. The raw FASTQ files were trimmed to remove Illumina adapter sequences using Cutadapt version 1.2.1 [2]. The reads were further trimmed to remove low quality bases. After trimming, reads shorter than 20 bp were removed. The raw sequence pairs for each sample, were processed for analysis using a custom pipeline based on QIIME2 2018.11 [3]. The SILVA (version 123) was used throughout the analysis. The raw reads were subjected to a “Cutadapt” trimming step to remove PCR primer sequences that could potentially introduce an artificial level of complexity in the samples.
The amplicon sequence variants (ASVs) are defined as the biological sequences present in samples prior to the PCR amplification step. The “dada2” process was performed using the denoise-paired QIIME2 plug-in; it includes the following steps:
1. Excluding sequences shorter than the selected thresholds, prior to denoising.
2. De-noising step.
3. Merge step to pair the denoised forward and reverse reads.
4. Remove the chimeric sequences derived by the PCR step.
5. Remove the sequences derived by PhiX phage (added to sequence library to increase sequence complexity).
After the de-noising step, these sequences were further investigated to define the phylogenetic relationship among the identified ASVs. To do this, the alignment of the sequences was obtained using MAFFT [4]. The phylogenetic tree was built using the resulting alignment. The uninformative regions of the obtained alignment were masked before the inference of the tree using the FastTree tool [5]. As a final step, the tree was converted from an unrooted to a rooted tree by predicting the branch mid points. The tree construction was performed using “align mafft”, “alignment mask”, “phylogeny fasttree”, and “midpoint-root” QIIME2 plug-ins. The taxonomy assignment of the identified ASVs, was performed by using the sk-learn tool [6]. 
The negative control samples were excluded from alpha-diversity, beta-diversity, and differential abundance analysis. The sequencing depth of all samples were explored using the ‘Shannon’ [7] richness index plotted as a rarefaction curve. The diversity analyses (both alpha- and beta- diversity) were performed using the “diversity core-metrics phylogenetic” QIIME2 plug-in, following normalisation of the abundance counts by rarefaction at a threshold of 12,000 sequences. Samples with a lower number of sequences than this threshold were excluded from the analysis. 
The richness diversity between samples was investigated using the Shannon richness index which was calculated for each sample type and then further split by sample timepoint, animal age, animal type and sample type. To study how the taxonomic composition changed between samples, the rarefied abundance was used to build pairwise sample distance matrices, using the Bray-Curtis [8] and the Weighted and Unweighted UniFrac  dissimilarity measures [9]. These diversity matrices were produced by the “diversity core-metrics-phylogenetic” QIIME2 plug-in. The Principal Coordinate Analysis (PCoA) methods were then used and plotted using EMPeror [10]. The compositional differences between non-rarefied samples were assessed by permutational analysis of variance (PERMANOVA) using R (R Core Team, Vienna, Austria).
Gneiss analysis was used to visualise ASV abundance between sample groups [11].  To facilitate interpretation of results, the most abundant 1000 ASVs were included in the analysis by filtering ASVs with a total frequency of less than 1045. This removed 13,125 ASVs from the analysis. Gneiss was run using the gneiss plugin (https://biocore.github.io/gneiss/). First, a dendrogram of ASVs was created using Ward's hierarchical clustering. This method clusters ASVs which co-occur in samples together. An isometric log abundance of each ASV was calculated using the ilr-transform command. Results were visualised through a dendrogram heatmap (Supplementary Figure 4).
ASVs present in an unfiltered ASV table of all samples was used to define ASVs which were “present” in each sample group. An ASV was defined as “present” in a sample group if its relative abundance across all samples was higher than 0.01%. Once lists of ASVs present in each sample group were compiled, intersections between sets of ASVs were visualised using UpSet [12].
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