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[bookmark: _ssnx8lw1xyfs]Additional File 1
[bookmark: _7zo3wjn1i1uv]Identification of putative viral contigs and production of Uncultivated Virus Genomes (UViGs) 
Putative viral contigs were identified using a modified version of Sullivan's Lab’s SOP [2]. Putative viral contigs were initially identified using VirSorter2 (v2.2.3), [3, 4] (virsorter run --keep-original-seq --include-groups dsDNAphage,ssDNA --min-length 4000 --min-score 0.5 -j 28 all). To maximize the recovery of Microviridae phages with small genomes [5, 6], the minimum genome length allowed for viral identification proposed in the SOP [2] was reduced from 5000 bp to 4000 bp (--min length 4000). The putative viral contigs identified by Virsorter2 were then analyzed using CheckV (v0.7.0) [1, 7] (checkv end_to_end ~/db/checkv-db-v1.0). The contigs were considered putative viral contigs if they presented at least one viral gene predicted by CheckV or if they did not harbor any predicted viral genes but matched at least one of the following requirements: 1) no host genes, 2) Virsorter2 score ≥ 0.95, or 3) three or more hallmark genes. Hallmark genes, identified by VirSorter2, are commonly associated with viral genomes [4]. 
[bookmark: _97j30hzheyy0]Removal of false positive putative viral contigs
Manual curation of the putative viral contigs identified through the SOP was performed to remove false positives. A putative viral contig was considered to be a false positive based on the predicted number of host genes and their ratio with viral genes (HVR) (i.e., Host-to-Viral genes Ratio or HVR > 0.386 & host genes > 5). 3,372 (14.3%) of the total putative viral contigs were removed from the analysis. The use of HVR and the number of host genes to call false positives was previously suggested by Nayfach et al. [1] (HVR > 2 & host genes > 5). The threshold used in this study was selected based on the average number of host genes and HVR found in complete putative viral contigs. Firstly, putative viral contigs predicted to be complete were selected. These contigs were dereplicated into vOTUs (viral Operational Taxonomic Units; 95% Average Nucleotide Identity over 85% Alignment Fraction). Complete vOTUs were divided into two groups based on whether they were predicted, by CheckV, to be proviruses (i.e., their genomes were flanked by regions of bacterial DNA [1]) or not. While CheckV was designed to trim flanking bacterial regions from viral contigs, it was not intended to excise prophages from bacterial chromosomes (berkeleylab / CheckV / issues / #78 - False positives or non-detected proviruses? — Bitbucket). It is possible that several putative viral contigs were not efficiently extracted from the bacterial DNA sequences in which they were initially identified. Consistent with this, the proviruses group had a significantly higher number of host genes (Pearson’s chi-squared test, p < 2.2e-16) and HVR (Wilcoxon test, p < 2.2e-16) compared to non-proviruses (Additional Figure 1a). 
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[bookmark: _GoBack]Additional Figure 1 Selection of the Host-to-Viral gene ratio (HVR) cut-off to remove false positive putative viral contigs a) Proviral sequences exhibited a significantly higher HVR compared to non-proviral sequences. Each dot represents the HVR of a putative viral contig. b) The majority of complete non-proviral putative viral contigs had an HVR ≤ 0.386 (red vertical line). c) The majority of complete non-proviral putative viral contigs with an HVR ≤ 0.386 carried a number of host genes ≤ 4.41 (red vertical line). 
Due to the likelihood of predicted proviral contigs to include bacterial DNA regions, only non-proviral complete sequences were used to determine the threshold of host genes and HVR to reduce the chances of calling false positive contigs. The HVR of non-proviral complete sequences exhibited a right-skewed distribution with a right tail that started at HVR = 0.386 (red line in Additional Figure 1b). Most contigs (96.79%) had an HVR value ≤ 0.386, and this HVR value was chosen as the cut-off used in this study to call false positives. Only 7.87% of complete proviral contigs were included under the HVR threshold, resulting in the majority of predicted proviruses being excluded (92.13%). By drastically reducing the number of proviruses, it is possible to introduce biases against phages that undergo the lysogenic cycle (i.e., temperate phages). Nonetheless, there was no significant difference between the lifestyles of the putative viral contigs that met the HVR inclusion criteria (i.e., HVR ≤ 0.386) and the entire set of putative viral contigs (Pearson’s Chi-squared test, p = 0.32). Consequently, we contend that minimal biases were introduced in this analysis.
The number of host genes carried by putative non-proviral complete contigs that were included or excluded by the HVR threshold (HVR = 0.386) were plotted in a density plot (Additional Figure 1c). The point at which the two distributions started to differ was chosen as the host genes cut-off (n = 4) and used to determine whether a contig was viral or not (Log(10) = 0.644, or host genes = 4.41) (red line in Additional Figure 1c). 
[bookmark: _14mwbkk8386k]Identification of clonal UViGs
Clonal UViGs were identified based on genetic similarities (99.4% ANI over 85% AF) between UViGs detected in the recipients following the transplant and UViGs from the donors. The ANI cut-off value was determined by assessing the ANI distribution for UViGs clustering in a vOTU, dependent on whether the vOTU was identified in the same individual (i.e., multiple stool donations from the same GBT donor) or from different individuals (i.e., different GBT donors) (Additional Figure 2).
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Additional Figure 2. Selection of Average Nucleotide Identity (ANI) cut-off to identify clonal UViGs. The statistical significance of the difference in ANI distribution was assessed using a Kolmogorov-Smirnov test. The black line represents the ANI cut-off value (99.4%), above which UViGs specific to individuals were overrepresented. 
The ANI value above which UViGs specific to individuals were overrepresented (i.e., ≥ 99.4%) was chosen as the cut-off to identify clonal UViGs engrafted from the donors to the FMT recipients. It is important to note that, despite a significant difference (Kolmogorov-Smirnov test, p < 2.2e-16) in the ANI distributions of UViGs depending on whether these were present in one or multiple individuals, there was still an overlap between the two distributions (Additional Figure 2). Specifically, 15.7% of UViG from different individuals clustered into vOTUs with an ANI ≥ 99.4%, while 5.4% of UViGs from the same individual at different time points clustered into vOTUs with an ANI < 99.4%. Therefore, a cut-off of 99.4% ANI has likely resulted in the exclusion of 5.4% false negatives and the inclusion of 15.7% false positives.
[bookmark: _3dy6vkm]UViGs characterization
The taxonomy of the UViGs was determined by combining information from vContact2 (v0.9.19) [11, 12] and Hidden Markov Models (HMM) profile similarities between the vOTUs and a viral orthologous gene database, ViPhOGs (29/06/2021) [13]. The Open Reading Frames (ORFs) in the UViGs were predicted using Prodigal (v2.6.3) [14] with default parameters. ORFs are portions of the genome included between translation start and stop codons, which likely represent protein-coding regions. UViGs with genome size ≥ 10 kb were used as input for vContact2 (v0.9.19) and were prepared for the analysis using the vContact2 (v0.9.19) function vcontact2_gene2genome -s 'Prodigal-FAA'. The taxonomy was predicted against RefSeq (release 201) database [15] (vcontact2 --raw-proteins --rel-mode 'Diamond' --db 'ProkaryoticViralRefSeq201-Merged' --pcs-mode MCL --vcs-mode ClusterONE --c1-bin ~vContact2/bin/cluster_one-1.0.jar). All the UViGs, including the ones with genomes size < 10kb, were also taxonomically classified by alignment against the ViPhOGs database, as described previously [16]. Briefly, ViPhOGs HMM profiles were compressed into binary datafiles using the function hmmpress within hmmer (v3.3.2) [17] using default parameters [18]. Alignments between query proteins and the ViPhOGs profiles were performed with hmmer (v3.3.2) using the function hmmscan (hmmscan -E 0.001 --domE 0.1 --tblout). UViGs were taxonomically classified if ≥ 20% of genes had significant hits on ViPhOGs (i.e., sequence e-value ≤ 0.001 and domain-independent e-value ≤ 0.1), and ≥ 60% of those genes were assigned to the same viral taxon. If the vOTU had < 10 genes, at least two genes with significant hits were required. To taxonomically classify UViGs as Crass-like phages, the UViGs were clustered using vContact2 (v0.9.19) with 673 Crass-like sequences collected by Yutin et al [19] (vcontact2 --raw-proteins --rel-mode 'Diamond' --db 'None' --pcs-mode MCL --vcs-mode ClusterONE --c1-bin ~vContact2/bin/cluster_one-1.0.jar). The outputs of all the approaches were considered when describing the taxonomy of an UViG.
[bookmark: _au9eunteeah6]Statistical analyses
 All the statistical tests were performed in R (v4.0.3). 
Pairwise comparisons between two different categorical variables were performed using Wilcoxon rank-sum tests (‘wilcoxon.test()’ function from the stats package, built-in in R (v4.3.0)). Paired or not paired Wilcoxon rank-sum tests were used for pairwise comparisons between dependent or independent data, respectively. The comparisons performed were: 1) relative abundance of engrafted and non-engrafted vOTUs in the donors (not paired); 2) differences in beta diversity from 6 weeks at 12 and 26 weeks between the stable and fluctuating component of the recipients phageomes (paired); 3) differences in beta diversity from 6 weeks at 12 and 26 weeks between FMT and placebo recipients of the entire phageome (not paired). The p-values were adjusted using the Benjamini-Hochberg method of correction, or False Discovery Rate (FDR), using the ‘p.adjust()’ function from the stats package. Pearson’s Chi-squared (χ²) tests, calculated using the function ‘chisq.test()’ from the stats package, were used to determine the statistical significance of differences in: 1) phageome composition, between FMT and placebo recipients, stratified based on vOTUs origins, i.e., shared with donors, conserved from baseline, novel from 6, 12, and 26 weeks; 2) donor’s engraftment efficacy; 3) taxonomy, host specificity, and lifestyle between engrafted and non-engrafted vOTUs; 4) stability of vOTUs between FMT and placebo recipients. Significant differences calculated using the χ² test were further analyzed via post hoc testing using the ‘chisq.posthoc.test’ function from the chisq.posthoc.test package (276).
Differences between multiple categorical variables were assessed by Kruskal-Wallis tests, using the ‘kruskal.test()’ function from the stats package. Kruskal-Wallis tests were used to determine the statistical significance of the differences in phageome alpha diversity between donors.
Linear correlations were assessed with Pearson’s correlation using the ‘stat_cor()’ extension for the ‘ggplot()’ function from the ggpubr (274) and tidyverse (275) packages, respectively. Pearson’s correlations were performed on normally distributed data using the flag method = “Pearson”. The normality of the data was assessed with the ‘shapiro.test()’ function from the stats package. Linear correlation was performed between donor engraftment efficacy and their phageome alpha diversity. 
The differences between the ANI distributions of UViGs clustering in vOTUs, whether they were identified in the same donor at different donations or in different donors, were assessed with Kolmogorov-Smirnov test (‘ks.test()’ function from the stats package). 
The FMT-promoted shifts in phageome composition from baseline within each individual were assessed using linear mixed-effects models (‘lmer()’ function from the lme4 package). The p-values were visualized in the ‘lmer()’ output with the lmerTest package. The linear mixed-effects models incorporated the fixed effects of time points (with baseline as the reference) and treatment (using placebo as the reference), while considering the recipients as random effects (lmer( ~ time points * treatment + (1|recipient)). Linear mixed-effects models were used to assess: 1) the shift from baseline in beta diversity between recipients and individual donors. The statistical significance of the shift was calculated separately for each donor. 2) the shift in alpha diversity from baseline. The statistical significance of the shift was calculated separately for each sex. 3) the shift in temperate and virulent phages’ total abundance from baseline. The statistical significance of the shift was calculated separately for each sex and lifestyle category (i.e., temperate and virulent). For each linear mixed-effects model, the p-values were collectively adjusted with the FDR method of correction.
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