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Bioinformatics
16S rRNA amplicon sequencing

For amplicons samples (n=57), a total of 4,182,655 reads were obtained. Abundance tables were obtained by constructing Operational Taxonomic Units (OTUs), a proxy for species level assignment using a modified workflow [1] for pre-processing the amplicons dataset as these result in reducing the substitution error rates significantly.  Briefly, the reads trimming, and filtration was performed using Sickle [2] resulting in a total of 4,148,174 reads from n=57 samples. We then used BayesHammer [3] to error correct the paired-end reads. The paired-end reads were then overlapped using PandaSeq [4] resulting in 4,058,250 reads from n=57 samples. 
After having obtained consensus sequences from each sample, VSEARCH pipeline was used for [5] OTU construction.
 The approach is as follows: we pool the reads from different samples together and add barcodes to keep an account of the samples these reads originate from. We then dereplicate the reads and sort them by decreasing abundance and discard singletons. In the next step, the reads are clustered, followed by removing clusters that have chimeric models built from more abundant reads (–uchime_denovo option in vsearch). A few chimeras may be missed, especially if they have parents that are absent from the reads or are present with very low abundance. Therefore, in the next step, we use a reference-based chimera filtering step (–uchime_ref option in vsearch) using a gold database (https://www.mothur.org/w/images/f/f1/Silva.gold.bacteria.zip). The original barcoded reads were matched against clean OTUs with 99% similarity.
SILVA SSU Ref NR database release v.138 [6] was used to assign taxonomy and generated the rooted phylogenetic tree (using qiime phylogeny align-to-tree-mafft-fasttree) within the QIIME2 framework [7]. Furthermore, PICRUSt2 [8] was used within the QIIME2 environment to recover KEGG enzymes and MetaCyc pathway predictions. For this purpose, we used the parameters --p-hsp-method pic --p-max-nsti 2 in qiime picrust2 full-pipeline [https://github.com/gavinmdouglas/q2-picrust2]. QIIME2 was also used to generate a final BIOM file that combined abundance information with the new taxonomy and which along with the newly phylogenetic tree, and the meta data was used for the downstream statistical analysis. Note that using OTUs based approach, we produced a final n=57 x P=5,966 OTUs abundance table with the summary statistics of OTUs per sample as [1st Quartile: 43,183; Median: 49,010; Mean: 54,206; 3rd Quartile: 69,061; and Max: 84,220]. Note that, prior to using VSEARCH pipeline, we have also tried to recover Amplicon Sequencing Variants (ASVs) using DADA2 [9] algorithm, however, the mean number of ASVs per sample were 12,428 which were lower than the mean number of OTUs per sample, and therefore, we processed the OTUs data further. From PICRUSt2, we recovered: n=57 x P=10,543 KEGG Orthologs abundance table; and a n=57 x P=489 MetaCyc pathways abundance table.

Shotgun Metagenomics

[bookmark: _Hlk207114194][bookmark: _Hlk207114120]For a set of 21 metagenomic samples, the sequencing centre provided adapter-trimmed reads. Subsequently, these reads underwent quality trimming using Sickle [2]. This involved removing reads where the average Phred quality fell below 20 and retaining paired-end reads with a post-trimming length exceeding 50bp.  This gave us a total of 409,081,828 reads from all samples. We aggregated both the forward and reverse reads and conducted a collective assembly for all samples using Megahit. The assembly was performed with the parameters --k-list 27,47,67,87 --kmin-1pass -m 0.95 --min-contig-len 1000 [10]. This gave us a total of 391,236 contigs, a total of 1,453,073,008 base pairs (bp), maximum of 1,627,611 bp, average length of 3,714 bp, and an N50 score of 6,762 bp. We then used MetaWRAP pipeline [11] and binned the contigs using three different binning algorithms i.e. metabat2 (381 bins) [12], maxbin2 (323 bins) [13], and CONCOCT (324 bins) [14]. We applied CheckM on these bins [15] to assess their completion and contamination. Within MetaWRAP framework, the bins from the three binners were consolidated, retaining bins with 50% completion and 10% contamination to give a final set of 183 bins [Metagenomic Assembled Genomes (MAGs)]. We obtained a mean genome completion of 77.87% and a mean contamination of 4.020% for bins. METABOLIC pipeline [16] was used to annotate the MAGs. This recovered several feature tables using numerous databases: KEGG [17], TIGRfam [18], Pfam [19] custom hidden Markov model (HMM) databases [20], dbCAN2 [21], and MEROPS [22]. Within the METABOLIC pipeline, the taxonomy of each MAGs was also found using the GTDB-TK [23] database. To deduce the phylogeny of the MAGs, we employed GToTree [24]. The software offers various Single Copy Genes (SCGs) sets based on the resolution of domains and the taxonomic rank of interest. Specifically, we utilized a 25-gene set for Bacteria and Archaea. To identify novel MAGs, we utilized the Genome Tree Toolkit available at https://github.com/donovan-h-parks/GenomeTreeTk. This involved assessing the phylogenetic gain for each MAG against the rest of the tree, with higher values potentially indicating novel species. We calculated these values for each MAG in the trees recovered using both the 25-gene Bacteria and Archaea SCGs set. Finally, reads from each sample was mapped against the MAGs to generate a coverage table of mean abundances using CoverM (https://github.com/wwood/CoverM). 
Statistical methods
For 16S rRNA dataset, as a pre-processing step, we selected for samples with >5000 reads, and removed typical contaminants such as Mitochondria and Chloroplasts, as well as any Operational Taxonomic Units (OTUs) that were unassigned at all levels, as per recommendations given at https://docs.qiime2.org/2022.8/tutorials/filtering/. For shotgun metagenomics, we have used >50% complete and <10% contaminated MAGs (dropping out one mock community sample which was used as a quality control) with a final table of 20 samples with abundances of 148 MAGs. The R’s vegan package [25] was used for alpha and beta diversity analyses. For alpha diversity, Chao1 richness (the estimated number of species/features in an abundance table) was used all the tables: OTU and MetaCyc (recovered using PICRUSt2 software) tables for 16S rRNA dataset; and on coverage table and Modules table (recovered using the METABOLIC software). 
To visualise the samples from 16S rRNA dataset, we have used Principal Coordinate Analysis (PCoA) with different distance measures. Specifically, we have used three different measures in PCoA: (i) Bray-Curtis distance on the OTU abundance table to visualise the compositional changes; (ii) Unweighted UniFrac distance estimated using R’s Phyloseq package [26] to see changes between samples in terms of phylogeny; and (iii) Hierarchical Meta-Storms (HMS) [27], a recently proposed functional beta diversity distance which takes the observed KEGG Orthologs (KOs) recovered using PICRUSt2 software. In HMS, the functional beta diversity is calculated in a hierarchical fashion (with knowledge of which KEGG pathways these KOs coded from the KEGG BRITE Database). Additionally, Vegan package was also used to perform PERMANOVA analyses (using adonis2() function from R’s vegan package) to see if the microbial or functional community structures can be explained by different sources of variability. The R2 values from PERMANOVA explaining percentage variability between different groups are then provided under the PCoA figures. 
To select the environmental parameters most strongly associated with the variance of the observed communities, we have also applied redundancy analysis (RDA) on different beta diversity distances using Vegan’s capscale() and ordistep() functions in the following set of commands: cap.env = capscale( abund_table.dist~., meta_table); mod0.env = capscale( abund_table.dist~1, meta_table); step.env=ordistep(mod0.env, scope=formula(cap.env), direction=”both”, Pin=0.1, perm.max=9999, R2scope=TRUE). step.env$anova with p<0.05 was then able to identify the subset of parameter which were later used in and additional PERMANOVA analysis. This approach has previously been used in [28]. For key parameters, we then fitted smooth surfaces of the covariates on ordination plot (PCoA in this case) using penalised splines through the function ordisurf() in R’s Vegan package. The method uses generalised additive model by regressing the covariates as C ~ S (Dim1, Dim2), where Dim1 and Dim2 are the ordination scores extracted from PCoA and S() is a spline function. We have only shown those covariates where the model fits i.e., p < 0.05. The results are shown in the supplementary material. 
For 16S rRNA dataset, to identify core microbiome of each phase of the system (Water DS, Water Tank, Sediment, Biofilm Cement, and Biofilm Polyethylene), we have used the approach discussed in [29]. The approach i first ranks the OTUs using two metrics: time-specific occupancy (whether samples are grouped by different treatment groups, namely, Pre, 3 months, 6 months, 9 months, and 12 months); and replicate consistency (whether the OTUs are consistent across replicates in each temporal group). After ranking the OTUs, the subset of core taxa is constructed incrementally by adding highly prevalent to lowly prevalent OTUs, and then quantifying the contribution of the core subsets to beta diversity using the Bray-Curtis distance in the equation, .  The original authors have specified a threshold at which the core subset construction stops, i.e., where the addition of an OTU does not cause more than 2% increase in the explanatory value by Bray-Curtis distance. Independently, a neutral model [30] is fitted to the “S” shaped abundance-occupancy distributions inform the OTUs that are likely selected by the environment. For the core OTUs, this then divides them in three sets: those that fall outside the 95% confidence interval of the fitted model, and are inferred to be deterministically assembled, rather than neutrally selected (set 1), with those that are above the model selected by the host environment (represented by red colour; set 2), and those points below the model are dispersal limited (represented by blue colour; set 3). The taxonomy tree of the core microbiome across different time points (Pre, 3 months, 6 months, 9 months, and 12 months) were drawn using the R’s metacoder package [31].
To find a minimal set of features (16S rRNA and shotgun metagenomics tables) that have changed with respect to continuous predictors considered in this study, we have used CODA-LASSO regression (coda_glmnet() function) employing R’s coda4microbiome package [32]. The fitted regression is of the form  (for -th sample and -th feature, with  being the abundance of feature), and where the outcome  is a continuous outcome variable. The model uses two constraints: a) all -coefficients sum up to zero, that gives two disjoint sets of features, those that are positively associated, and those that are negatively associated with the continuous outcome; and b) the optimization function incorporates a LASSO shrinkage that forces some of the beta coefficients to go to zero, particularly those that do not have a relationship, thus enabling variable selection.
For 16S rRNA dataset, due to the availability of comprehensive meta data, to find the relationship between individual microbes and sources of variability, we have used Generalised Linear Latent Variable Model (GLLVM) [33]{Citation}. GLVMM extends the basic generalized linear model that regresses the mean abundances  (for -th sample and -th microbe) of individual microbes against the covariates  by incorporating latent variables  as , where  are the microbe specific coefficients associated with individual covariate (a 95% confidence interval of these whether positive or negative, and not crossing 0 boundary gives directionality with the interpretation that an increase or decrease in that particular covariate causes an increase or decrease in the abundance of the microbe), and  are the corresponding coefficients associated with latent variable.  are microbe-specific intercepts, whilst  are optional sample effects which can either be chosen as fixed effects or random effects. We have mainly used the binary variables in the model such as: Water (whether the sample is coming from the tank or the distribution system); Biofilm (whether the sample is coming from the tank wall, the cement coupon or the polyethylene coupon), Sediment (the sample consist of loose deposits from the bottom pf the tank formed over a year of the tank use), Main Distribution (the sample is water from the main distribution system before it enters to the tank), Tank (any sample taken from the tank as water, biofilm or sediment), Concrete Wall (cement biofilm samples taken from the wall of the tank), Concrete Coupon (biofilm samples coming from the concrete coupons), Polyethylene (biofilm samples coming from the polyethylene coupons), Pre (water, biofilm or sediment samples taken after a year of the tank use, immediately before cleaning for the start of the longitudinal experiment), Three Months (every water sample collected from the tank or the main distribution system after three months from the start of the experiment, and every biofilm sample formed over a three-month period on either cement or polyethylene coupons), Six Months (every water sample collected from the tank or the main distribution system after six months from the start of the experiment, and every biofilm sample formed over a six-month period on either cement or polyethylene coupons), Nine Months (every water sample collected from the tank or the main distribution system after nine months from the start of the experiment, and every biofilm sample formed over a nine-month period on either cement or polyethylene coupons), Twelve Months (every water sample collected from the main distribution system, along with every water and sediment sample collected from the tank after twelve months from the start of the experiment, and every biofilm sample formed over a twelve-month period on either cement, polyethylene coupons, or the tank wall), Summer (water, biofilm or sediment samples from the tank or water samples from the distribution system taken on summer season), Autumn (water, biofilm or sediment samples from the tank or water samples from the distribution system taken on autumn season), Spring (water, biofilm or sediment samples from the tank or water samples from the distribution system taken on spring season), Winter (water, biofilm or sediment samples from the tank or water samples from the distribution system taken on winter season), Year 2023 (water, biofilm or sediment samples from the tank or water samples from the distribution system taken over the year 2023).
To model the distribution of individual microbes, we have used Negative Binomial distribution. Additionally, the approximation to the log-likelihood is done through Variational Approximation (VA) with final sets of parameters in glvmm() function being family = 'negative.binomial', method="VA", and  control.start=list(n.init = 7, jitter.var = 0.1) seemed to fit well.
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Supplementary Figure S1. (A) Shannon entropy comparison of 16S rRNA based OTUs, and MAGs returned from WGS. (B) The comparison of functions (MetaCyc pathway abundances returned by PICRUSt2 software on OTUs, and KEGG Sub module abundances returned by METABOLIC software for MAGs). The lines in each panel connect categories where the values are significantly different according to ANOVA with significance values as: * p < 0.05, ** p < 0.01, or *** p < 0.001.
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Supplementary Figure S2. Dynamic core microbiome inference done separately for each system using time-specific occupancy model for different systems: (A) Water Distribution System (B) Water Tank (C) Sediment (D) Concrete Biofilm and (E) Polyethylene Biofilm. The OTU rankings were obtained depending on the occupancy within these temporal groups (Pre, 3 months, 6 months, and 12 months) as well as their replicate consistency within each temporal group.  Bray-Curtis similarity is calculated for the whole dataset, and then also for only the top-ranked OTUs. The contribution of the top-ranked OTUs is divided by the total Bray-Curtis similarity to calculate a percent contribution of the core OTU set to beta diversity. The next-ranked OTU is added consecutively to find the point in the ranking at which adding one more OTUs offers diminishing returns on explanatory value for beta diversity, and is shown below the abundance-occupancy plots. Here, the vertical dotted line represents the “Last 2% decrease” criteria where OTUs are incorporated in the core subset until there is no more than 2% decrease in beta diversity.  Independently, a neutral model is fitted to the dataset for each system. Combined with the core microbiome, the top plots then represent the core OTUs that are neutral, i.e., fall within the 95% interval confidence intervals shown in green, whilst non-neutral core OTUs with observed frequency above the predicted frequency from the neutral model (selected by the host) are shown in red colour, and those core OTUs with observed frequency below the predicted frequency from the neutral model (selected by dispersal limitation) are shown in green colour. All other OTUs (non-core) are greyed out.
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Supplementary Figure S3. Taxonomic coverage tree of the Water DS samples showing (A) collated abundances across all occupancies (Pre, 3 months, 6 months, and 12 months), and separately for each occupancy: (B) Pre, (C) 3 months, (D) 6 months, and (E) 12 months. The key on the right side of the trees can be interpreted as follows: the width of the bar represents the number of unique taxa and is the size of the nodes (shown on the left side of the key), whilst the colour represents the count of these taxa (shown on the right side of the key).
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Supplementary Figure S4. Taxonomic coverage tree of the Water Tank samples showing (A) collated abundances across all occupancies (Pre, 3 months, 6 months, 9 months and 12 months), and separately for each occupancy: (B) Pre, (C) 3 months, (D) 6 months, (E) 9 months, and (F) 12 months. The key on the right side of the trees can be interpreted as follows: the width of the bar represents the number of unique taxa and is the size of the nodes (shown on the left side of the key), whilst the colour represents the count of these taxa (shown on the right side of the key).
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Supplementary Figure S5. Taxonomic coverage tree of the Biofilm Concrete samples showing (A) collated abundances across all occupancies (Pre, 3 months, 6 months, 9 months and 12 months), and separately for each occupancy: (B) Pre, (C) 3 months, (D) 6 months, (E) 9 months, and (F) 12 months. The key on the right side of the trees can be interpreted as follows: the width of the bar represents the number of unique taxa and is the size of the nodes (shown on the left side of the key), whilst the colour represents the count of these taxa (shown on the right side of the key).
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Supplementary Figure S6. Taxonomic coverage tree of the Biofilm Polyethylene samples showing (A) collated abundances across all occupancies (3 months, 6 months, 9 months and 12 months), and separately for each occupancy: (B) 3 months, (C) 6 months, (D) 9 months, and (E) 12 months. The key on the right side of the trees can be interpreted as follows: the width of the bar represents the number of unique taxa and is the size of the nodes (shown on the left side of the key), whilst the colour represents the count of these taxa (shown on the right side of the key).
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Supplementary Figure S7. Taxonomic coverage tree of the Sediment samples showing (A) collated abundances across all occupancies (Pre, and 12 months), and separately for each occupancy: (B) Pre, and (C) 12 months. The key on the right side of the trees can be interpreted as follows: the width of the bar represents the number of unique taxa and is the size of the nodes (shown on the left side of the key), whilst the colour represents the count of these taxa (shown on the right side of the key).
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Supplementary Figure S8. β-coefficients returned for individual genera (OTUs collated at genus level based on SILVA SSU Ref NR database release v.138 taxonomy) from the GLLVM procedure against the sources of variation considered in this study. Those coefficients which are positively associated with the microbial abundance of a particular species are represented in red colour whilst those that are negatively associated are represented with blue colour, respectively. Where the coefficients are non-significant, i.e., the 95% confidence interval crosses the 0 boundary, they are greyed out. All the variables are categorical variables with Yes/No [REF] as factors. REF refers to the reference against which the comparison is done, e.g., βAutumn:Yes is negative (blue) for g_Actinomyces and is interpreted as “Actinomyces genus decreases in abundance for samples that are not taken in Autumn”. ΒBiofilm:Yes is positive (red) for g_Actinomyces and is interpreted as ““Actinomyces genus increases in abundance for samples that come from Biofilm as compared to those that do not”. The results continue on to Supplementary Figures S9-S17.
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Supplementary Figure S9. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S10. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S11. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S12. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S13. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S14. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S15. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 


[image: ]
Supplementary Figure S16. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S17. Continuation of results from Supplementary Figure S8 for the β-coefficients returned from the GLLVM procedure. 
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Supplementary Figure S18. CODA-LASSO regression of months regressed against functional abundances for Water Tank samples using (A) MetaCyc pathways recovered from PICRUSt2 software on 16S rRNA based OTUs and (B) KEGG modules recovered form METABOLIC software for MAGs using the WGS approach. Non-zero coefficients returned from CODA-LASSO procedure are shown as two disjoint sets (those that are increasing with months (positive; green) and those that are decreasing with months (negative; red). The insets show prediction quality of fitting with the predictions from CODA-LASSO procedure shown on the x-axis and the actual values shown on the y-axis.
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Supplementary Figure S19. CODA-LASSO regression of months regressed against functional abundances for Biofilm Concrete samples using (A) MetaCyc pathways recovered from PICRUSt2 software on 16S rRNA based OTUs and (B) KEGG modules recovered form METABOLIC software for MAGs using the WGS approach. Non-zero coefficients returned from CODA-LASSO procedure are shown as two disjoint sets (those that are increasing with months (positive; green) and those that are decreasing with months (negative; red). The insets show prediction quality of fitting with the predictions from CODA-LASSO procedure shown on the x-axis and the actual values shown on the y-axis.
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Supplementary Figure S20. CODA-LASSO regression of months regressed against taxonomic abundances using MAGs data with the WGS approach for (A) Tank Water samples and (B) Concrete biofilm samples. Non-zero coefficients returned from CODA-LASSO procedure are shown as two disjoint sets (those that are increasing with months (positive; green) and those that are decreasing with months (negative; red). The insets show prediction quality of fitting with the predictions from CODA-LASSO procedure shown on the x-axis and the actual values shown on the y-axis.
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Supplementary Figure S21. Constrained ordination results for continuous covariates. We fitted smooth surfaces of the covariates on ordination plot (PCoA in this case) using penalised splines. The method uses generalised additive model by regressing the covariate as C ~ S(Dim1,Dim2), where Dim1 and Dim2 are the ordination scores extracted from PCoA (calculated using different beta diversity distances) and S() is a spline function. We have only shown those covariates where the model fits i.e., p < 0.05.
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Supplementary Figure S22. Continuation of constrained ordination results for continuous covariates from Supplementary Figure S21. 

Supplementary Table S1. Redundancy analysis with both selections (forward and reverse) was performed to select the most important environmental variables that explain variation in the community matrices. The initial set of variables considered are as follows (with those selected in the final PERMANOVA models in bold case): system type (main distribution, tank), sample type (water, biofilm, sediment), months of monitoring from day 0 (3 months, 6 months, 9 month, 12 months, Pre (12 months of tank usage before the longitudinal experiment), tank material for biofilm formation (concrete, polyethylene), concrete biofilm formation (concrete coupon, concrete wall), season of sampling (summer, autumn, winter, spring), year of sampling (year 2022, year 2023), presence of microbial contamination indicators (Total coliforms, Escherichia coli, Pseudomonas aeruginosa).
	Covariates
	df
	SS
	R2
	F
	p
	

	Bray-Curtis Distance

	Summer
	1
	23.086
	0.11229
	127.572
	0.001
	***

	Water
	1
	15.828
	0.07699
	87.464
	0.001
	***

	MainDistribution
	1
	13.809
	0.06717
	76.305
	0.001
	***

	Pre
	1
	11.888
	0.05783
	65.693
	0.001
	***

	Escherichi coli
	1
	11.058
	0.05379
	61.107
	0.001
	***

	Polyethylene
	1
	10.836
	0.05271
	59.877
	0.001
	***

	Concrete Coupon
	1
	0.8469
	0.04119
	46.796
	0.001
	***

	Winter
	1
	0.6765
	0.03290
	37.380
	0.001
	***

	Concrete Wall
	1
	0.6456
	0.03140
	35.673
	0.001
	***

	Total Coliforms
	1
	0.5764
	0.02804
	31.850
	0.003
	**

	Pseudomonas aeruginosa
	1
	0.4583
	0.02229
	25.323
	0.001
	***

	Year 2023
	1
	0.8355
	0.04064
	46.171
	0.001
	***

	Six Months
	1
	0.4474
	0.02176
	24.724
	0.003
	**

	Autumn
	1
	0.3639
	0.01770
	20.110
	0.011
	*

	Residual
	39
	70.577
	0.34330
	
	
	

	Total
	53
	205.587
	100.000
	
	
	

	Unweighted Uni-Frac

	Summer
	1
	17.951
	0.15303
	160.734
	0.001
	***

	Main Distribution
	1
	12.338
	0.10518
	110.477
	0.001
	***

	Water
	1
	11.102
	0.09464
	99.405
	0.001
	***

	Polyethylene
	1
	0.4627
	0.03945
	41.433
	0.001
	***

	Sediment
	1
	0.3958
	0.03375
	35.443
	0.001
	***

	Winter
	1
	0.3615
	0.03082
	32.373
	0.003
	**

	Total Coliforms
	1
	0.3461
	0.02950
	30.987
	0.005
	**

	Three Months
	1
	0.2856
	0.02435
	25.576
	0.012
	*

	Concrete Wall
	1
	0.2791
	0.02379
	24.990
	0.019
	*

	Twelve Months
	1
	0.2376
	0.02026
	21.277
	0.026
	*

	Six Months
	1
	0.2511
	0.02141
	22.486
	0.036
	*

	Pseudomonas aeruginosa
	1
	0.1776
	0.01514
	15.902
	0.107
	

	Year 2023
	1
	0.1836
	0.01565
	16.440
	0.088
	.

	Escherichia coli
	1
	0.2545
	0.02170
	22.788
	0.024
	*

	Residual
	39
	43.556
	0.37132
	
	
	

	Total
	53
	117.300
	100.000
	
	
	

	Weighted UniFrac

	Total Coliforms
	1
	0.022898
	0.19862
	212.214
	0.001
	***

	Polyethylene
	1
	0.009734
	0.08443
	90.213
	0.001
	***

	Concrete Wall
	1
	0.006350
	0.05508
	58.850
	0.001
	***

	Water
	1
	0.005181
	0.04494
	48.017
	0.001
	***

	Tank
	1
	0.004478
	0.03884
	41.503
	0.003
	**

	Summer
	1
	0.003908
	0.03390
	36.220
	0.005
	**

	Spring
	1
	0.003572
	0.03098
	33.103
	0.011
	*

	Six Months
	1
	0.002535
	0.02199
	23.498
	0.046
	*

	Biofilm
	1
	0.003357
	0.02912
	31.117
	0.012
	*

	Pseudomonas aeruginosa
	1
	0.003124
	0.02710
	28.957
	0.012
	*

	Year 2023
	1
	0.003922
	0.03402
	36.349
	0.007
	**

	Autumn
	1
	0.001986
	0.01722
	18.403
	0.081
	.

	Residual
	41
	0.044238
	0.38374
	
	
	

	Total
	53
	0.115284
	100.000
	
	
	

	Hierarchical Meta-Storms

	Total Coliforms
	1
	0.06024
	0.17245
	166.322
	0.001
	***

	Water
	1
	0.03816
	0.10925
	105.367
	0.001
	***

	Polyethylene
	1
	0.02026
	0.05801
	55.952
	0.002
	**

	Tank
	1
	0.01877
	0.05375
	51.837
	0.003
	**

	Concrete Wall
	1
	0.01471
	0.04212
	40.624
	0.009
	**

	Three Months
	1
	0.01044
	0.02988
	28.817
	0.027
	*

	Spring
	1
	0.00865
	0.02477
	23.894
	0.062
	.

	Sediment
	1
	0.00888
	0.02541
	24.509
	0.052
	.

	Winter
	1
	0.00626
	0.01792
	17.286
	0.129
	

	Autumn
	1
	0.00554
	0.01586
	15.296
	0.218
	

	Pre
	1
	0.00528
	0.01511
	14.576
	0.199
	

	Residual
	42
	0.15211
	0.43547
	
	
	

	Total
	53
	0.34930
	100.000
	
	
	

	Significance codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1
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Bacteria;Verrucomicrobiota;Chlamydiae;Chlamydiales;Simkaniaceae;Ga0074140
Bacteria;Chloroflexi;Anaerolineae;SBR1031;SBR1031;SBR1031



Bacteria;Spirochaetota;Leptospirae;Leptospirales;Leptospiraceae;Turneriella
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae;Clostridium_sensu_stricto_13



Bacteria;Gemmatimonadota;Longimicrobia;Longimicrobiales;Longimicrobiaceae;YC−ZSS−LKJ147
Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Tsukamurellaceae;Tsukamurella



Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Rhodanobacteraceae;Ahniella
Bacteria;Firmicutes;Negativicutes;Veillonellales−Selenomonadales;Veillonellaceae;Veillonella



Bacteria;Proteobacteria;Gammaproteobacteria;Salinisphaerales;Solimonadaceae;Panacagrimonas
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Yersiniaceae;Yersinia



Bacteria;Deinococcota;Deinococci;Deinococcales;Deinococcaceae;Deinococcus
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Perlucidibaca
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Methylophilaceae;Methylotenera



Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;AB1;AB1
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;Halomonadaceae;HdN1



Bacteria;Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae;Granulicatella
Bacteria;Bacteroidota;Bacteroidia;Bacteroidales;Rikenellaceae;Rikenellaceae_RC9_gut_group



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Hydrogenophilaceae;Hydrogenophilus
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Cellulomonadaceae;Oerskovia



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Burkholderiaceae;Polynucleobacter
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Dermabacteraceae;Brachybacterium



Bacteria;Firmicutes;Bacilli;Lactobacillales;Lactobacillaceae;Lactobacillus
Bacteria;Firmicutes;Bacilli;Lactobacillales;Aerococcaceae;Aerococcus



Bacteria;Verrucomicrobiota;Chlamydiae;Chlamydiales;Parachlamydiaceae;Candidatus_Metachlamydia
Bacteria;Actinobacteriota;Actinobacteria;Actinomycetales;Actinomycetaceae;Actinomyces



Covariates
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g__Actinomyces
g__Candidatus_Metachlamydia



g__Aerococcus
g__Lactobacillus



g__Brachybacterium
g__Polynucleobacter



g__Oerskovia
g__Hydrogenophilus



g__Rikenellaceae_RC9_gut_group
g__Granulicatella



f__Halomonadaceae; g__HdN1
o__Rickettsiales; g__AB1



g__Methylotenera
g__Perlucidibaca
g__Deinococcus



g__Yersinia
g__Panacagrimonas



g__Veillonella
g__Ahniella



g__Tsukamurella
f__Longimicrobiaceae; g__YC−ZSS−LKJ147



g__Clostridium_sensu_stricto_13
g__Turneriella



c__Anaerolineae; g__SBR1031
f__Simkaniaceae; g__Ga0074140



g__Candidatus_Alysiosphaera
g__Psychrobacter



g__Lactococcus
g__Polyangium



p__Actinobacteriota; g__MB−A2−108
g__Aneurinibacillus



f__Marinilabiliaceae; g__[Cytophaga]_xylanolytica_group
g__Flectobacillus



g__Ferruginibacter
g__Adhaeribacter



f__Saccharimonadaceae; g__TM7a
c__Actinobacteria; g__PeM15



g__Aquimonas
g__Hyphomonas



g__Raineya
g__Clostridium_sensu_stricto_3



g__Chitinophaga
g__Fontimonas



g__Brevibacterium
g__Ensifer



g__Vermiphilaceae
g__Pseudarthrobacter



g__Cloacibacterium
g__Williamsia
g__Rubrivirga
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Bacteria;Bacteroidota;Bacteroidia;Bacteroidales;Tannerellaceae;Parabacteroides
Bacteria;Myxococcota;Polyangia;Polyangiales;Phaselicystidaceae;Phaselicystis
Eukaryota;Ascomycota;Leotiomycetes;Helotiales;Sclerotiniaceae;Scleromitrula



Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Nocardioidaceae;Aeromicrobium
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Dermatophilaceae;Piscicoccus



Bacteria;Actinobacteriota;Thermoleophilia;Solirubrobacterales;Solirubrobacteraceae;Conexibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Erwiniaceae;Pantoea



Bacteria;Actinobacteriota;Rubrobacteria;Rubrobacterales;Rubrobacteriaceae;Rubrobacter
Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Lysobacter



Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;NS9_marine_group;NS9_marine_group
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Microscillaceae;Chryseolinea
Bacteria;Actinobacteriota;Acidimicrobiia;IMCC26256;IMCC26256;IMCC26256



Bacteria;Proteobacteria;Gammaproteobacteria;Salinisphaerales;Solimonadaceae;Alkanibacter
Bacteria;Firmicutes;Bacilli;Exiguobacterales;Exiguobacteraceae;Exiguobacterium
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Microscillaceae;Ohtaekwangia



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Variovorax
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Polaromonas



Bacteria;Planctomycetota;Phycisphaerae;mle1−8;mle1−8;mle1−8
Bacteria;Bacteroidota;Bacteroidia;Bacteroidales;Porphyromonadaceae;Porphyromonas



Bacteria;Bacteroidota;Bacteroidia;Bacteroidales;Bacteroidaceae;Bacteroides
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria_Incertae_Sedis;Unknown_Family;Unknown_Family



Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;Sphingobacteriaceae;Sphingobacterium
Bacteria;Proteobacteria;Gammaproteobacteria;R7C24;R7C24;R7C24



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;Microvirga
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;Nitrosomonas
Bacteria;Firmicutes;Desulfitobacteriia;Desulfitobacteriales;Desulfitobacteriaceae;Desulfosporosinus



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Neisseriaceae;Neisseria
Bacteria;Gemmatimonadota;S0134_terrestrial_group;S0134_terrestrial_group;S0134_terrestrial_group;S0134_terrestrial_group



Bacteria;Firmicutes;Clostridia;Peptostreptococcales−Tissierellales;Peptostreptococcales−Tissierellales;Peptoniphilus
Bacteria;Patescibacteria;Saccharimonadia;Saccharimonadales;S32;TM7



Bacteria;Acidobacteriota;Holophagae;Subgroup_7;Subgroup_7;Subgroup_7
Bacteria;Fusobacteriota;Fusobacteriia;Fusobacteriales;Fusobacteriaceae;Fusobacterium



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Spirosomaceae;Fibrella
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Cyclobacteriaceae;Mongoliitalea



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Saprospiraceae;Phaeodactylibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Aeromonadales;Aeromonadaceae;Aeromonas
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;Halomonadaceae;Halomonas



Bacteria;Firmicutes;Negativicutes;Acidaminococcales;Acidaminococcaceae;Phascolarctobacterium
Bacteria;Dependentiae;Babeliae;Babeliales;Babeliales;Babeliales



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Ramlibacter
Bacteria;Planctomycetota;Planctomycetes;Isosphaerales;Isosphaeraceae;Paludisphaera



Bacteria;Firmicutes;Clostridia;Oscillospirales;Ruminococcaceae;Faecalibacterium
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Micrococcus



Bacteria;Firmicutes;Bacilli;Paenibacillales;Paenibacillaceae;Paenibacillus
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Glutamicibacter



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Hydrotalea
Bacteria;Planctomycetota;028H05−P−BN−P5;028H05−P−BN−P5;028H05−P−BN−P5;028H05−P−BN−P5



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Spirosomaceae;Dyadobacter
Bacteria;Actinobacteriota;Actinobacteria;Frankiales;Cryptosporangiaceae;Cryptosporangium
Bacteria;Proteobacteria;Gammaproteobacteria;Pasteurellales;Pasteurellaceae;Haemophilus



Covariates



g__Haemophilus
g__Cryptosporangium



g__Dyadobacter
p__Planctomycetota; g__028H05-P-BN-P5



g__Hydrotalea
g__Glutamicibacter



g__Paenibacillus
g__Micrococcus



g__Faecalibacterium
g__Paludisphaera



g__Ramlibacter
g__Babeliales



g__Phascolarctobacterium
g__Halomonas
g__Aeromonas



g__Phaeodactylibacter
g__Mongoliitalea



g__Fibrella
g__Fusobacterium



g__Subgroup_7
o__Saccharimonadales; g__TM7



g__Peptoniphilus
p__Gemmatimonadota; g__S0134_terrestrial_group



g__Neisseria
g__Desulfosporosinus



g__Nitrosomonas
g__Microvirga



c__Gammaproteobacteria; g__R7C24
g__Sphingobacterium



o__Gammaproteobacteria_Incertae_Sedis; f__Unknown_Family
g__Bacteroides



g__Porphyromonas
c__Phycisphaerae; g__mle1-8



g__Polaromonas
g__Variovorax



g__Ohtaekwangia
g__Exiguobacterium



g__Alkanibacter
g__IMCC26256



g__Chryseolinea
o__Flavobacteriales; g__NS9_marine_group



g__Lysobacter
g__Rubrobacter



g__Pantoea
g__Conexibacter



g__Piscicoccus
g__Aeromicrobium



g__Scleromitrula
g__Phaselicystis



g__Parabacteroides
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Bacteria;Actinobacteriota;Actinobacteria;Pseudonocardiales;Pseudonocardiaceae;Actinomycetospora
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Oxalobacteraceae;Noviherbaspirillum



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Azospira
Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Nocardioidaceae;Marmoricola



Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Silanimonas
Bacteria;Firmicutes;Bacilli;Paenibacillales;Paenibacillaceae;Saccharibacillus



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Oxalobacteraceae;Pseudoduganella
Bacteria;Firmicutes;Bacilli;Bacillales;Planococcaceae;Paenisporosarcina



Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Yersiniaceae;Serratia
Bacteria;Firmicutes;Clostridia;Lachnospirales;Lachnospiraceae;Coprococcus



Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Enterobacteriaceae;Enterobacter
Bacteria;Actinobacteriota;Actinobacteria;Streptomycetales;Streptomycetaceae;Streptomyces



Bacteria;Dadabacteria;Dadabacteriia;Dadabacteriales;Dadabacteriales;Dadabacteriales
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Rothia



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;alphaI_cluster
Bacteria;Planctomycetota;Pla4_lineage;Pla4_lineage;Pla4_lineage;Pla4_lineage



Bacteria;Proteobacteria;Alphaproteobacteria;Micropepsales;Micropepsaceae;Rhizomicrobium
Bacteria;Actinobacteriota;Acidimicrobiia;Microtrichales;Microtrichaceae;IMCC26207



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Chthoniobacterales;Terrimicrobiaceae;Terrimicrobium
Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Propionibacteriaceae;Micropruina



Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Nocardiaceae;Rhodococcus
Bacteria;Deinococcota;Deinococci;Deinococcales;Trueperaceae;Truepera



Bacteria;Proteobacteria;Gammaproteobacteria;Alteromonadales;Shewanellaceae;Shewanella
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Paenarthrobacter



Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Asticcacaulis
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Delftia



Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Dietziaceae;Dietzia
Bacteria;Proteobacteria;Gammaproteobacteria;Acidithiobacillales;Acidithiobacillaceae;KCM−B−112



Bacteria;Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae;Trichococcus
Bacteria;Firmicutes;Thermoanaerobacteria;Thermoanaerobacterales;Family_III;Thermoanaerobacterium



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;Ellin6067
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;Rickettsiaceae;Candidatus_Megaira



Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Sphingobium
Bacteria;Firmicutes;Bacilli;Lactobacillales;Carnobacteriaceae;Dolosigranulum



Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Propionibacteriaceae;Microlunatus
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Comamonas



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Edaphobaculum
Bacteria;Acidobacteriota;Blastocatellia;Blastocatellales;Blastocatellaceae;Blastocatella



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Xanthobacteraceae;Pseudolabrys
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Pseudorhodoferax



Bacteria;Actinobacteriota;Actinobacteria;Kineosporiales;Kineosporiaceae;Quadrisphaera
Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Saprospiraceae;Haliscomenobacter
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Intrasporangiaceae;Terrabacter



Bacteria;Proteobacteria;Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae;Amaricoccus
Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Rhodanobacteraceae;Dokdonella



Bacteria;Proteobacteria;Gammaproteobacteria;211ds20;211ds20;211ds20
Bacteria;Myxococcota;Myxococcia;Myxococcales;27F−1492R;27F−1492R



Bacteria;Proteobacteria;Alphaproteobacteria;Tistrellales;Geminicoccaceae;Geminicoccus
Bacteria;Abditibacteriota;Abditibacteria;Abditibacteriales;Abditibacteriaceae;Abditibacterium
Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;Sphingobacteriaceae;Mucilaginibacter



Covariates



g__Mucilaginibacter
g__Abditibacterium



g__Geminicoccus
o__Myxococcales; g__27F−1492R



c__Gammaproteobacteria; g__211ds20
g__Dokdonella



g__Amaricoccus
g__Terrabacter



g__Haliscomenobacter
g__Quadrisphaera



g__Pseudorhodoferax
g__Pseudolabrys
g__Blastocatella



g__Edaphobaculum
g__Comamonas
g__Microlunatus



g__Dolosigranulum
g__Sphingobium



g__Candidatus_Megaira
g__Ellin6067



g__Thermoanaerobacterium
g__Trichococcus



f__Acidithiobacillaceae; g__KCM−B−112
g__Dietzia
g__Delftia



g__Asticcacaulis
g__Paenarthrobacter



g__Shewanella
g__Truepera



g__Rhodococcus
g__Micropruina



g__Terrimicrobium
f__Microtrichaceae; g__IMCC26207



g__Rhizomicrobium
p__Planctomycetota; g__Pla4_lineage
f__Beijerinckiaceae; g__alphaI_cluster



g__Rothia
g__Dadabacteriales



g__Streptomyces
g__Enterobacter
g__Coprococcus



g__Serratia
g__Paenisporosarcina



g__Pseudoduganella
g__Saccharibacillus



g__Silanimonas
g__Marmoricola



g__Azospira
g__Noviherbaspirillum



g__Actinomycetospora
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Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Uliginosibacterium
Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;Alcanivoracaceae;Ketobacter



Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Pseudoxanthomonas
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Verrucomicrobiales;Rubritaleaceae;Luteolibacter
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Cellulomonadaceae;Pseudactinotalea



Bacteria;Actinobacteriota;Actinobacteria;Frankiales;Geodermatophilaceae;Blastococcus
Bacteria;Proteobacteria;Alphaproteobacteria;Paracaedibacterales;Paracaedibacteraceae;Candidatus_Paracaedibacter



Bacteria;Campilobacterota;Campylobacteria;Campylobacterales;Arcobacteraceae;Pseudarcobacter
Bacteria;Chloroflexi;Anaerolineae;RBG−13−54−9;RBG−13−54−9;RBG−13−54−9



Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Corynebacteriaceae;Lawsonella
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Opitutales;Puniceicoccaceae;Verruc−01



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Spirosomaceae;Persicitalea
Bacteria;Firmicutes;Bacilli;Staphylococcales;Gemellaceae;Gemella



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Verrucomicrobiales;Verrucomicrobiaceae;Prosthecobacter
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae;Aliihoeflea



Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Rhodanobacteraceae;Luteibacter
Bacteria;Chloroflexi;Chloroflexia;Chloroflexales;Chloroflexaceae;FFCH7168



Eukaryota;Ascomycota;Dothideomycetes;Pleosporales;Didymellaceae;Ascochyta
Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Cnuella



Bacteria;Planctomycetota;Phycisphaerae;Tepidisphaerales;WD2101_soil_group;WD2101_soil_group
Bacteria;Actinobacteriota;Thermoleophilia;Solirubrobacterales;Solirubrobacteraceae;Solirubrobacter



Bacteria;Myxococcota;Polyangia;Polyangiales;BIrii41;BIrii41
Bacteria;Proteobacteria;Alphaproteobacteria;Ferrovibrionales;Ferrovibrionaceae;Ferrovibrio



Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;Alcanivoracaceae1;Alcanivorax
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Cytophagaceae;Siphonobacter



Bacteria;Actinobacteriota;Actinobacteria;Pseudonocardiales;Pseudonocardiaceae;Pseudonocardia
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Alkanindiges



Bacteria;Actinobacteriota;Actinobacteria;Kineosporiales;Kineosporiaceae;Kineosporia
Eukaryota;Ascomycota;Dothideomycetes;Pleosporales;Didymellaceae;Phoma



Bacteria;Proteobacteria;Alphaproteobacteria;Paracaedibacterales;Paracaedibacteraceae;Candidatus_Finniella
Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Blastomonas
Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Luteimonas



Bacteria;Sumerlaeota;Sumerlaeia;Sumerlaeales;Sumerlaeaceae;Sumerlaea
Bacteria;Proteobacteria;Gammaproteobacteria;Alteromonadales;Alteromonadaceae;Alishewanella



Bacteria;Proteobacteria;Alphaproteobacteria;Acetobacterales;Acetobacteraceae;Craurococcus−Caldovatus
Bacteria;PAUC34f;PAUC34f;PAUC34f;PAUC34f;PAUC34f



Bacteria;Myxococcota;Polyangia;Polyangiales;Sandaracinaceae;Sandaracinus
Bacteria;Chloroflexi;Anaerolineae;SJA−15;SJA−15;SJA−15



Bacteria;Proteobacteria;Gammaproteobacteria;Salinisphaerales;Solimonadaceae;Polycyclovorans
Bacteria;Proteobacteria;Alphaproteobacteria;Acetobacterales;Acetobacteraceae;Roseococcus



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Azoarcus
Bacteria;Chloroflexi;Dehalococcoidia;S085;S085;S085



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Methylophilaceae;UBA6140
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Promicromonosporaceae;Cellulosimicrobium



Bacteria;Proteobacteria;Gammaproteobacteria;Oceanospirillales;Pseudohongiellaceae;Pseudohongiella
Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Nocardiaceae;Gordonia



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Chthoniobacterales;01D2Z36;01D2Z36
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Cellulomonadaceae;Cellulomonas



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Hydrogenophilaceae;Sulfuritortus
Bacteria;Patescibacteria;Microgenomatia;Candidatus_Woesebacteria;Candidatus_Woesebacteria;Candidatus_Woesebacteria



Covariates



g__Candidatus_Woesebacteria
g__Sulfuritortus



g__Cellulomonas
o__Chthoniobacterales; g__01D2Z36



g__Gordonia
g__Pseudohongiella



g__Cellulosimicrobium
f__Methylophilaceae; g__UBA6140



c__Dehalococcoidia; g__S085
g__Azoarcus



g__Roseococcus
g__Polycyclovorans



c__Anaerolineae; g__SJA−15
g__Sandaracinus



g__PAUC34f
g__Craurococcus−Caldovatus



g__Alishewanella
g__Sumerlaea



g__Luteimonas
g__Blastomonas



g__Candidatus_Finniella
g__Phoma



g__Kineosporia
g__Alkanindiges



g__Pseudonocardia
g__Siphonobacter



g__Alcanivorax
g__Ferrovibrio



o__Polyangiales; g__BIrii41
g__Solirubrobacter



o__Tepidisphaerales; g__WD2101_soil_group
g__Cnuella



g__Ascochyta
f__Chloroflexaceae; g__FFCH7168



g__Luteibacter
g__Aliihoeflea



g__Prosthecobacter
g__Gemella



g__Persicitalea
f__Puniceicoccaceae; g__Verruc−01



g__Lawsonella
c__Anaerolineae; g__RBG−13−54−9



g__Pseudarcobacter
g__Candidatus_Paracaedibacter



g__Blastococcus
g__Pseudactinotalea



g__Luteolibacter
g__Pseudoxanthomonas



g__Ketobacter
g__Uliginosibacterium
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Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Moraxella
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Roseateles



Bacteria;Planctomycetota;BD7−11;BD7−11;BD7−11;BD7−11
Bacteria;Chloroflexi;Chloroflexia;Chloroflexales;Chloroflexaceae;Oscillochloris



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae;Shinella
Bacteria;Planctomycetota;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;CL500−3



Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Dermatophilaceae;Dermatophilaceae
Eukaryota;Basidiomycota;Tremellomycetes;Cystofilobasidiales;Mrakiaceae;Mrakiaceae



Bacteria;Armatimonadota;Armatimonadia;Armatimonadales;Armatimonadales;Armatimonadales
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Chthoniobacterales;Chthoniobacteraceae;Chthoniobacter



Bacteria;Actinobacteriota;Actinobacteria;Frankiales;Nakamurellaceae;Nakamurella
Bacteria;Proteobacteria;Gammaproteobacteria;Diplorickettsiales;Diplorickettsiaceae;Aquicella



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;Methylocystis
Bacteria;Proteobacteria;Alphaproteobacteria;Azospirillales;Azospirillaceae;Skermanella



Bacteria;Proteobacteria;Gammaproteobacteria;PLTA13;PLTA13;PLTA13
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae;Falsirhodobacter



Bacteria;Firmicutes;Bacilli;Bacillales;Sporolactobacillaceae;Tuberibacillus
Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Saprospiraceae;OLB8



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Aurantisolimonas
Bacteria;Acidobacteriota;Blastocatellia;Pyrinomonadales;Pyrinomonadaceae;RB41



Bacteria;Acidobacteriota;Thermoanaerobaculia;Thermoanaerobaculales;Thermoanaerobaculaceae;Subgroup_10
Bacteria;Patescibacteria;Parcubacteria;Candidatus_Nomurabacteria;Candidatus_Nomurabacteria;Candidatus_Nomurabacteria



Bacteria;Verrucomicrobiota;Chlamydiae;Chlamydiales;cvE6;cvE6
Bacteria;Patescibacteria;Berkelbacteria;Berkelbacteria;Berkelbacteria;Berkelbacteria



Bacteria;Proteobacteria;Gammaproteobacteria;JTB23;JTB23;JTB23
Bacteria;Armatimonadota;Chthonomonadetes;Chthonomonadales;Chthonomonadaceae;Chthonomonas
Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Thermomonas



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Devosiaceae;Pelagibacterium
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Cytophagaceae;Rhodocytophaga



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiales_Incertae_Sedis;Bauldia
Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;Weeksellaceae;Apibacter



Bacteria;Actinobacteriota;Actinobacteria;Frankiales;Geodermatophilaceae;Klenkia
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Burkholderiaceae;Burkholderia−Caballeronia−Paraburkholderia



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Segetibacter
Bacteria;Patescibacteria;Saccharimonadia;Saccharimonadales;Saccharimonadales;Saccharimonadales



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;SC−I−84;SC−I−84
Bacteria;Patescibacteria;Microgenomatia;Candidatus_Levybacteria;Candidatus_Levybacteria;Candidatus_Levybacteria



Bacteria;Cyanobacteria;Vampirivibrionia;Vampirovibrionales;Vampirovibrionales;Vampirovibrionales
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Microbacteriaceae;Rathayibacter



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Xylophilus
Bacteria;Bacteroidota;Bacteroidia;Bacteroidales;Prevotellaceae;Prevotella
Bacteria;Bdellovibrionota;Oligoflexia;Oligoflexales;Oligoflexales;Oligoflexus



Bacteria;Gemmatimonadota;Gemmatimonadetes;Gemmatimonadales;Gemmatimonadaceae;Gemmatimonas
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Pedosphaerales;Pedosphaeraceae;Oikopleura



Bacteria;Chloroflexi;Chloroflexia;Chloroflexales;Herpetosiphonaceae;Herpetosiphon
Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Altererythrobacter



Bacteria;Planctomycetota;Planctomycetes;Planctomycetales;Rubinisphaeraceae;Planctomicrobium
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Inhella



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Spirosomaceae;Spirosoma
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Morganellaceae;Morganella



Covariates



g__Morganella
g__Spirosoma



g__Inhella
g__Planctomicrobium
g__Altererythrobacter



g__Herpetosiphon
g__Oikopleura



g__Gemmatimonas
g__Oligoflexus
g__Prevotella
g__Xylophilus



g__Rathayibacter
g__Vampirovibrionales



g__Candidatus_Levybacteria
o__Burkholderiales; g__SC−I−84



g__Saccharimonadales
g__Segetibacter



g__Burkholderia−Caballeronia−Paraburkholderia
g__Klenkia



g__Apibacter
g__Bauldia



g__Rhodocytophaga
g__Pelagibacterium



g__Thermomonas
g__Chthonomonas



c__Gammaproteobacteria; g__JTB23
g__Berkelbacteria



o__Chlamydiales; g__cvE6
g__Candidatus_Nomurabacteria



f__Thermoanaerobaculaceae; g__Subgroup_10
f__Pyrinomonadaceae; g__RB41



g__Aurantisolimonas
f__Saprospiraceae; g__OLB8



g__Tuberibacillus
g__Falsirhodobacter



c__Gammaproteobacteria; g__PLTA13
g__Skermanella



g__Methylocystis
g__Aquicella



g__Nakamurella
g__Chthoniobacter



g__Armatimonadales
g__Mrakiaceae



g__Dermatophilaceae
f__Phycisphaeraceae; g__CL500−3



g__Shinella
g__Oscillochloris



p__Planctomycetota; g__BD7−11
g__Roseateles



g__Moraxella
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Bacteria;Patescibacteria;ABY1;Candidatus_Magasanikbacteria;Candidatus_Magasanikbacteria;Candidatus_Magasanikbacteria
Bacteria;Actinobacteriota;Thermoleophilia;Gaiellales;Gaiellaceae;Gaiella



Bacteria;Chloroflexi;Chloroflexia;Thermomicrobiales;JG30−KF−CM45;JG30−KF−CM45
Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Taibaiella



Bacteria;Planctomycetota;Phycisphaerae;S−70;S−70;S−70
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Labraceae;Labrys



Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;Flavobacteriaceae;Flavobacterium
Bacteria;Elusimicrobiota;Lineage_IIc;Lineage_IIc;Lineage_IIc;Lineage_IIc



Bacteria;Gemmatimonadota;BD2−11_terrestrial_group;BD2−11_terrestrial_group;BD2−11_terrestrial_group;BD2−11_terrestrial_group
Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria_Incertae_Sedis;Unknown_Family;Candidatus_Berkiella



Bacteria;Actinobacteriota;Actinobacteria;Streptosporangiales;Streptosporangiales_Incertae_Sedis;Motilibacter
Bacteria;Actinobacteriota;Acidimicrobiia;Microtrichales;Ilumatobacteraceae;Ilumatobacter



Bacteria;Desulfobacterota;Desulfuromonadia;PB19;PB19;PB19
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;MND1
Eukaryota;Phragmoplastophyta;Embryophyta;Magnoliophyta;Magnoliophyta;Magnoliophyta



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Burkholderiaceae;Limnobacter
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Burkholderiaceae;Ralstonia



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae;Aureimonas
Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;NS11−12_marine_group;NS11−12_marine_group



Bacteria;Proteobacteria;Gammaproteobacteria;Immundisolibacterales;Immundisolibacteraceae;Immundisolibacter
Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;Sphingobacteriaceae;Pedobacter



Bacteria;Bdellovibrionota;Bdellovibrionia;Bacteriovoracales;Bacteriovoracaceae;Bacteriovorax
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Alcaligenaceae;Verticiella



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Rhodoferax
Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;AKYH767;AKYH767



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Hydrogenophaga
Bacteria;MBNT15;MBNT15;MBNT15;MBNT15;MBNT15



Bacteria;Chloroflexi;JG30−KF−CM66;JG30−KF−CM66;JG30−KF−CM66;JG30−KF−CM66
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Tepidimonas
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Morganellaceae;Providencia
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Cavicella



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Rurimicrobium
Bacteria;Cyanobacteria;Vampirivibrionia;Obscuribacterales;Obscuribacteraceae;Obscuribacteraceae



Bacteria;Myxococcota;Polyangia;Haliangiales;Haliangiaceae;Haliangium
Bacteria;Patescibacteria;Parcubacteria;Candidatus_Azambacteria;Candidatus_Azambacteria;Candidatus_Azambacteria



Bacteria;Acidobacteriota;Acidobacteriae;Bryobacterales;Bryobacteraceae;Bryobacter
Bacteria;Planctomycetota;Planctomycetes;Isosphaerales;Isosphaeraceae;Tundrisphaera
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Pedosphaerales;Pedosphaeraceae;SH3−11



Bacteria;Proteobacteria;Gammaproteobacteria;Ga0077536;Ga0077536;Ga0077536
Bacteria;Proteobacteria;Alphaproteobacteria;Thalassobaculales;Thalassobaculaceae;Thalassobaculum



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Opitutales;Opitutaceae;Opitutus
Bacteria;Planctomycetota;Planctomycetes;Planctomycetales;Schlesneriaceae;Schlesneria



Bacteria;Actinobacteriota;Actinobacteria;Micromonosporales;Micromonosporaceae;Micromonospora
Bacteria;Spirochaetota;Leptospirae;Leptospirales;Leptospiraceae;Leptospira



Bacteria;Planctomycetota;vadinHA49;vadinHA49;vadinHA49;vadinHA49
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Pedosphaerales;Pedosphaeraceae;Pedosphaeraceae



Bacteria;Proteobacteria;Alphaproteobacteria;Elsterales;Elsteraceae;Elsteraceae
Bacteria;Myxococcota;Myxococcia;Myxococcales;Myxococcaceae;P3OB−42



Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;Crocinitomicaceae;Fluviicola
Bacteria;Proteobacteria;Gammaproteobacteria;Xanthomonadales;Xanthomonadaceae;Stenotrophomonas



Covariates



g__Stenotrophomonas
g__Fluviicola



f__Myxococcaceae; g__P3OB−42
g__Elsteraceae



g__Pedosphaeraceae
p__Planctomycetota; g__vadinHA49



g__Leptospira
g__Micromonospora



g__Schlesneria
g__Opitutus



g__Thalassobaculum
c__Gammaproteobacteria; g__Ga0077536



f__Pedosphaeraceae; g__SH3−11
g__Tundrisphaera



g__Bryobacter
g__Candidatus_Azambacteria



g__Haliangium
g__Obscuribacteraceae



g__Rurimicrobium
g__Cavicella



g__Providencia
g__Tepidimonas



p__Chloroflexi; g__JG30−KF−CM66
g__MBNT15



g__Hydrogenophaga
o__Sphingobacteriales; g__AKYH767



g__Rhodoferax
g__Verticiella



g__Bacteriovorax
g__Pedobacter



g__Immundisolibacter
o__Sphingobacteriales; g__NS11−12_marine_group



g__Aureimonas
g__Ralstonia



g__Limnobacter
g__Magnoliophyta



f__Nitrosomonadaceae; g__MND1
c__Desulfuromonadia; g__PB19



g__Ilumatobacter
g__Motilibacter



g__Candidatus_Berkiella
p__Gemmatimonadota; g__BD2−11_terrestrial_group



p__Elusimicrobiota; g__Lineage_IIc
g__Flavobacterium



g__Labrys
c__Phycisphaerae; g__S−70



g__Taibaiella
o__Thermomicrobiales; g__JG30−KF−CM45



g__Gaiella
g__Candidatus_Magasanikbacteria
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Bacteria;WPS−2;WPS−2;WPS−2;WPS−2;WPS−2
Bacteria;Myxococcota;Polyangia;mle1−27;mle1−27;mle1−27



Bacteria;Proteobacteria;Alphaproteobacteria;NRL2;NRL2;NRL2
Bacteria;Proteobacteria;Alphaproteobacteria;AT−s3−44;AT−s3−44;AT−s3−44



Bacteria;Planctomycetota;Planctomycetes;Pirellulales;Pirellulaceae;Pir4_lineage
Bacteria;Proteobacteria;Gammaproteobacteria;Alteromonadales;Alteromonadaceae;Rheinheimera



Bacteria;Firmicutes;Bacilli;Lactobacillales;Leuconostocaceae;Weissella
Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Morganellaceae;Proteus



Bacteria;Patescibacteria;Parcubacteria;Candidatus_Zambryskibacteria;Candidatus_Zambryskibacteria;Candidatus_Zambryskibacteria
Bacteria;Verrucomicrobiota;Verrucomicrobiae;Opitutales;Opitutaceae;Lacunisphaera



Bacteria;Chloroflexi;Chloroflexia;Kallotenuales;AKIW781;AKIW781
Bacteria;Proteobacteria;Alphaproteobacteria;Azospirillales;Azospirillaceae;Azospirillum



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Pedosphaerales;Pedosphaeraceae;Ellin517
Bacteria;Proteobacteria;Alphaproteobacteria;Ferrovibrionales;Ferrovibrionales;Taonella



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Sulfuricellaceae;Sulfuricella
Bacteria;Bdellovibrionota;Bdellovibrionia;Bdellovibrionales;Bdellovibrionaceae;OM27_clade



Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Enhydrobacter
Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;env.OPS_17;env.OPS_17



Bacteria;Proteobacteria;Gammaproteobacteria;Gammaproteobacteria_Incertae_Sedis;Unknown_Family;Candidatus_Ovatusbacter
Bacteria;Planctomycetota;Phycisphaerae;CCM11a;CCM11a;CCM11a



Bacteria;Verrucomicrobiota;Chlamydiae;Chlamydiales;Parachlamydiaceae;Neochlamydia
Bacteria;Hydrogenedentes;Hydrogenedentia;Hydrogenedentiales;Hydrogenedensaceae;Hydrogenedensaceae



Bacteria;Acidobacteriota;Acidobacteriae;Solibacterales;Solibacteraceae;Candidatus_Solibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Porticoccaceae;Porticoccus



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Cytophagaceae;Cytophaga
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;DSSD61



Bacteria;Bacteroidota;Bacteroidia;Sphingobacteriales;KD3−93;KD3−93
Bacteria;Verrucomicrobiota;Chlamydiae;Chlamydiales;Parachlamydiaceae;Candidatus_Protochlamydia



Bacteria;Patescibacteria;Saccharimonadia;Saccharimonadales;LWQ8;LWQ8
Bacteria;Verrucomicrobiota;Omnitrophia;Omnitrophales;Omnitrophaceae;Candidatus_Omnitrophus



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;Methylocella
Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;Weeksellaceae;Chryseobacterium



Bacteria;Myxococcota;Polyangia;Nannocystales;Nannocystaceae;Nannocystis
Bacteria;Proteobacteria;Gammaproteobacteria;CCD24;CCD24;CCD24



Bacteria;Acidobacteriota;Acidobacteriae;Elev−16S−1166;Elev−16S−1166;Elev−16S−1166
Bacteria;Proteobacteria;Gammaproteobacteria;Coxiellales;Coxiellaceae;Coxiella



Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Sphingorhabdus
Bacteria;NB1−j;NB1−j;NB1−j;NB1−j;NB1−j



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Microscillaceae;OLB12
Archaea;Euryarchaeota;Methanobacteria;Methanobacteriales;Methanobacteriaceae;Methanobrevibacter



Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Microbacteriaceae;Microbacterium
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;GOUTA6



Bacteria;Firmicutes;Clostridia;Oscillospirales;UCG−010;UCG−010
Bacteria;Planctomycetota;Phycisphaerae;Phycisphaerales;Phycisphaeraceae;SM1A02



Bacteria;Proteobacteria;Gammaproteobacteria;Aeromonadales;Aeromonadaceae;Tolumonas
Bacteria;Proteobacteria;Alphaproteobacteria;Rickettsiales;SM2D12;SM2D12



Bacteria;Planctomycetota;OM190;OM190;OM190;OM190
Bacteria;Myxococcota;bacteriap25;bacteriap25;bacteriap25;bacteriap25



Bacteria;Verrucomicrobiota;Verrucomicrobiae;Pedosphaerales;Pedosphaeraceae;DEV114
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodospirillales;Magnetospiraceae;Magnetospira



Covariates



g__Magnetospira
f__Pedosphaeraceae; g__DEV114
p__Myxococcota; g__bacteriap25
p__Planctomycetota; g__OM190



o__Rickettsiales; g__SM2D12
g__Tolumonas



f__Phycisphaeraceae; g__SM1A02
o__Oscillospirales; g__UCG−010



f__Nitrosomonadaceae; g__GOUTA6
g__Microbacterium



g__Methanobrevibacter
f__Microscillaceae; g__OLB12



g__NB1−j
g__Sphingorhabdus



g__Coxiella
c__Acidobacteriae; g__Elev−16S−1166



g__CCD24
g__Nannocystis



g__Chryseobacterium
g__Methylocella



g__Candidatus_Omnitrophus
o__Saccharimonadales; g__LWQ8



g__Candidatus_Protochlamydia
o__Sphingobacteriales; g__KD3−93



f__Nitrosomonadaceae; g__DSSD61
g__Cytophaga



g__Porticoccus
g__Candidatus_Solibacter
g__Hydrogenedensaceae



g__Neochlamydia
c__Phycisphaerae; g__CCM11a



g__Candidatus_Ovatusbacter
o__Sphingobacteriales; g__env.OPS_17



g__Enhydrobacter
f__Bdellovibrionaceae; g__OM27_clade



g__Sulfuricella
g__Taonella



f__Pedosphaeraceae; g__Ellin517
g__Azospirillum



o__Kallotenuales; g__AKIW781
g__Lacunisphaera



g__Candidatus_Zambryskibacteria
g__Proteus



g__Weissella
g__Rheinheimera



f__Pirellulaceae; g__Pir4_lineage
c__Alphaproteobacteria; g__AT−s3−44



c__Alphaproteobacteria; g__NRL2
c__Polyangia; g__mle1−27



g__WPS−2
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Archaea;Crenarchaeota;Nitrososphaeria;Nitrosopumilales;Nitrosopumilaceae;Candidatus_Nitrosotenuis
Bacteria;Spirochaetota;MVP−15;MVP−15;MVP−15;MVP−15
Bacteria;RCP2−54;RCP2−54;RCP2−54;RCP2−54;RCP2−54



Bacteria;Cyanobacteria;Vampirivibrionia;Obscuribacterales;Obscuribacteraceae;Candidatus_Obscuribacter
Bacteria;Desulfobacterota;Desulfuromonadia;Geobacterales;Geobacteraceae;Citrifermentans



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Methylophilaceae;Methylophilus
Bacteria;Acidobacteriota;Vicinamibacteria;Vicinamibacterales;Vicinamibacteraceae;Luteitalea



Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Sanguibacteraceae;Sanguibacter
Bacteria;Patescibacteria;Parcubacteria;Candidatus_Yanofskybacteria;Candidatus_Yanofskybacteria;Candidatus_Yanofskybacteria



Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;DSSF69
Bacteria;Actinobacteriota;Actinobacteria;Micromonosporales;Micromonosporaceae;Actinoplanes



Bacteria;Acidobacteriota;Blastocatellia;11−24;11−24;11−24
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Hyphomonadaceae;Hirschia



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;A0839;A0839
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Acidovorax



Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Sphingopyxis
Bacteria;Proteobacteria;Alphaproteobacteria;Acetobacterales;Acetobacteraceae;Rhodovarius



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Piscinibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Gallionellaceae;Gallionellaceae
Bacteria;Actinobacteriota;Actinobacteria;Bifidobacteriales;Bifidobacteriaceae;Bifidobacterium



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae;Allorhizobium−Neorhizobium−Pararhizobium−Rhizobium
Bacteria;Chloroflexi;TK10;TK10;TK10;TK10



Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Pseudoglutamicibacter
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiales_Incertae_Sedis;Nordella



Bacteria;Chloroflexi;KD4−96;KD4−96;KD4−96;KD4−96
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Devosiaceae;Devosia



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Sediminibacterium
Bacteria;Planctomycetota;Planctomycetes;Planctomycetales;Rubinisphaeraceae;SH−PL14
Bacteria;Proteobacteria;Gammaproteobacteria;Cellvibrionales;Cellvibrionaceae;Cellvibrio



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Oxalobacteraceae;Duganella
Bacteria;Planctomycetota;Planctomycetes;Gemmatales;Gemmataceae;Fimbriiglobus



Bacteria;Proteobacteria;Alphaproteobacteria;Acetobacterales;Acetobacteraceae;Roseomonas
Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Rhizorhapis



Bacteria;Planctomycetota;Planctomycetes;Gemmatales;Gemmataceae;Gemmata
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Caulobacter



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Oxalobacteraceae;Undibacterium
Bacteria;Myxococcota;Polyangia;Polyangiales;Polyangiaceae;Pajaroellobacter



Bacteria;Proteobacteria;Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae;Rubellimicrobium
Bacteria;Planctomycetota;Planctomycetes;Pirellulales;Pirellulaceae;Pirellula
Bacteria;Elusimicrobiota;Elusimicrobia;Lineage_IV;Lineage_IV;Lineage_IV



Bacteria;Verrucomicrobiota;Omnitrophia;Omnitrophales;Omnitrophales;Omnitrophales
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Dechloromonas



Bacteria;Bacteroidota;Kapabacteria;Kapabacteriales;Kapabacteriales;Kapabacteriales
Bacteria;Patescibacteria;Parcubacteria;Parcubacteria;Parcubacteria;Parcubacteria



Bacteria;Desulfobacterota;Desulfovibrionia;Desulfovibrionales;Desulfovibrionaceae;Desulfovibrio
Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Nocardioidaceae;Nocardioides



Bacteria;Acidobacteriota;Vicinamibacteria;Vicinamibacterales;Vicinamibacteraceae;Vicinamibacteraceae
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Aquabacterium
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Xanthobacteraceae;Rhodopseudomonas



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Pelomonas



Covariates



g__Pelomonas
g__Rhodopseudomonas



g__Aquabacterium
g__Vicinamibacteraceae



g__Nocardioides
g__Desulfovibrio



g__Parcubacteria
g__Kapabacteriales
g__Dechloromonas
g__Omnitrophales



c__Elusimicrobia; g__Lineage_IV
g__Pirellula



g__Rubellimicrobium
g__Pajaroellobacter



g__Undibacterium
g__Caulobacter



g__Gemmata
g__Rhizorhapis



g__Roseomonas
g__Fimbriiglobus



g__Duganella
g__Cellvibrio



f__Rubinisphaeraceae; g__SH−PL14
g__Sediminibacterium



g__Devosia
p__Chloroflexi; g__KD4−96



g__Nordella
g__Pseudoglutamicibacter



p__Chloroflexi; g__TK10
g__Allorhizobium−Neorhizobium−Pararhizobium−Rhizobium



g__Bifidobacterium
g__Gallionellaceae



g__Piscinibacter
g__Rhodovarius



g__Sphingopyxis
g__Acidovorax



g__A0839
g__Hirschia



c__Blastocatellia; g__11−24
g__Actinoplanes



f__Sphingomonadaceae; g__DSSF69
g__Candidatus_Yanofskybacteria



g__Sanguibacter
g__Luteitalea



g__Methylophilus
g__Citrifermentans



g__Candidatus_Obscuribacter
g__RCP2−54



p__Spirochaetota; g__MVP−15
g__Candidatus_Nitrosotenuis



β Autu
mn:Y



es



β Biof
ilm



:Yes



β Con
cre



te 
Cou



po
n:Y



es



β Con
cre



te 
Wall:



Yes



βMain
 Distr



ibu
tio



n:Y
es



β Nine
 M



on
ths



:Yes



β Poly
eth



yle
ne



:Yes



β Pre:
Yes



β Sed
imen



t:Y
es



β Six M
on



ths
:Yes



β Spri
ng



:Yes



β Sum
mer:



Yes



β Tan
k:Y



es



β Thre
e M



on
ths



:Yes



β Tw
elv



e M
on



ths
:Yes



βWate
r:Y



es



βWint
er:



Yes



β Yea
r 2



02
3:Y



es











image16.emf



bA
ut
um



nY
es



bB
io
fil
m
Ye
s



bC
em



en
tC
ou
po
nY
es



bC
em



en
tW
al
lY
es



bM
ai
nD



is
tri
bu
tio
nY
es



bN
in
eM



on
th
sY
es



bP
ol
ye
th
yl
en
eY
es



bP
re
Ye
s



bS
ed
im
en
tY
es



bS
ix
M
on
th
sY
es



bS
pr
in
gY
es



bS
um



m
er
Ye
s



bT
an
kY
es



bT
hr
ee
M
on
th
sY
es



bT
we



lve
M
on
th
sY
es



bW
at
er
Ye
s



bW
in
te
rY
es



bY
ea
r2
02
3Y
es



−5
0



−2
5 0



−4
0



−3
0



−2
0



−1
0 0



−1
20 −8
0



−4
0 0 40 −2
0 0 20 −6
0



−4
0



−2
0 0 20 −6
0



−4
0



−2
0 0 20 −5
0 0 50 10
0



−1
0 0 10 20 −2
0



−1
0 0



−6
0



−4
0



−2
0 0 20 40



−1
00 −5
0 0



−2
0 0 20 −4
0



−2
0 0 20 −5
0



−2
5 0 25 50 −2
0



−1
0 0 10



−2
.5 0.
0



2.
5



5.
0 0 50 0 10 20 30



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Curvibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;oc32



Bacteria;Proteobacteria;Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae;Rhodobacter
Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Mycobacteriaceae;Mycobacterium



Bacteria;Patescibacteria;Parcubacteria;Candidatus_Kaiserbacteria;Candidatus_Kaiserbacteria;Candidatus_Kaiserbacteria
Bacteria;Chloroflexi;OLB14;OLB14;OLB14;OLB14



Eukaryota;Chlorophyta;Chlorophyceae;Chlorophyceae;Chlorophyceae;Chlorophyceae
Bacteria;Actinobacteriota;Acidimicrobiia;Microtrichales;Iamiaceae;Iamia



Bacteria;Bdellovibrionota;Oligoflexia;0319−6G20;0319−6G20;0319−6G20
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiaceae;Mesorhizobium



Bacteria;Armatimonadota;Fimbriimonadia;Fimbriimonadales;Fimbriimonadaceae;Fimbriimonadaceae
Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Xanthobacteraceae;Bradyrhizobium



Bacteria;Chloroflexi;Anaerolineae;SBR1031;A4b;A4b
Bacteria;Acidobacteriota;Acidobacteriae;Acidobacteriae;Acidobacteriae;Paludibaculum



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;TRA3−20;TRA3−20
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Brevundimonas



Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Caulobacteraceae;Phenylobacterium
Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Propionibacteriaceae;Cutibacterium
Bacteria;Proteobacteria;Alphaproteobacteria;Rhodobacterales;Rhodobacteraceae;Paracoccus



Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Pseudomonadaceae;Pseudomonas
Bacteria;Planctomycetota;Planctomycetes;Planctomycetales;Schlesneriaceae;Planctopirus



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Chromobacteriaceae;Vogesella
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Oxalobacteraceae;Massilia



Bacteria;Proteobacteria;Alphaproteobacteria;Dongiales;Dongiaceae;Dongia
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Parvularculaceae;Amphiplicatus



Bacteria;Proteobacteria;Gammaproteobacteria;Legionellales;Legionellaceae;Legionella
Bacteria;Proteobacteria;Alphaproteobacteria;Reyranellales;Reyranellaceae;Reyranella
Bacteria;Actinobacteriota;Actinobacteria;Kineosporiales;Kineosporiaceae;Kineococcus



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;Bosea
Bacteria;Bdellovibrionota;Bdellovibrionia;Bacteriovoracales;Bacteriovoracaceae;Peredibacter
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Nitrosomonadaceae;IS−44



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Hyphomicrobiaceae;Pedomicrobium
Bacteria;Bdellovibrionota;Bdellovibrionia;Bdellovibrionales;Bdellovibrionaceae;Bdellovibrio
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Gallionellaceae;Gallionella



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Hyphomicrobiaceae;Hyphomicrobium
Bacteria;Proteobacteria;Alphaproteobacteria;Caulobacterales;Hyphomonadaceae;SWB02



Bacteria;Nitrospirota;Nitrospiria;Nitrospirales;Nitrospiraceae;Nitrospira
Bacteria;Planctomycetota;Planctomycetes;Planctomycetales;uncultured;uncultured



Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Novosphingobium
Bacteria;Proteobacteria;Gammaproteobacteria;Pseudomonadales;Moraxellaceae;Acinetobacter



__Unknowns__
Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Porphyrobacter



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Gallionellaceae;Sideroxydans
Bacteria;Actinobacteriota;Actinobacteria;Micrococcales;Micrococcaceae;Nesterenkonia



Bacteria;Proteobacteria;Gammaproteobacteria;Salinisphaerales;Solimonadaceae;Nevskia
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Rhizobacter



Bacteria;Actinobacteriota;Thermoleophilia;Solirubrobacterales;67−14;67−14
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Azohydromonas



Bacteria;Proteobacteria;Gammaproteobacteria;Enterobacterales;Enterobacteriaceae;Escherichia−Shigella
Bacteria;Proteobacteria;Alphaproteobacteria;Sphingomonadales;Sphingomonadaceae;Sphingomonas



Covariates



g__Sphingomonas
g__Escherichia−Shigella



g__Azohydromonas
o__Solirubrobacterales; g__67−14



g__Rhizobacter
g__Nevskia



g__Nesterenkonia
g__Sideroxydans
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g__Candidatus_Kaiserbacteria
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g__Rhodobacter
f__Nitrosomonadaceae; g__oc32



g__Curvibacter
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Bacteria;Cyanobacteria;Vampirivibrionia;Caenarcaniphilales;Caenarcaniphilales;Caenarcaniphilales
Bacteria;Actinobacteriota;Actinobacteria;Propionibacteriales;Propionibacteriaceae;Friedmanniella



Bacteria;Firmicutes;Bacilli;Lactobacillales;Enterococcaceae;Enterococcus
Bacteria;SAR324_clade(Marine_group_B);SAR324_clade(Marine_group_B);SAR324_clade(Marine_group_B);SAR324_clade(Marine_group_B);SAR324_clade(Marine_group_B)



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Rhizobiales_Incertae_Sedis;Phreatobacter
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Sulfuritalea
Bacteria;Proteobacteria;Alphaproteobacteria;Acetobacterales;Acetobacteraceae;Rhodopila



Bacteria;Bacteroidota;Bacteroidia;Chitinophagales;Chitinophagaceae;Flavisolibacter
Bacteria;Firmicutes;Bacilli;Staphylococcales;Staphylococcaceae;Staphylococcus



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Beijerinckiaceae;Methylobacterium−Methylorubrum
Bacteria;Patescibacteria;Parcubacteria;Candidatus_Wolfebacteria;Candidatus_Wolfebacteria;Candidatus_Wolfebacteria



Bacteria;FCPU426;FCPU426;FCPU426;FCPU426;FCPU426
Bacteria;Patescibacteria;Parcubacteria;Candidatus_Adlerbacteria;Candidatus_Adlerbacteria;Candidatus_Adlerbacteria



Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Bacillus
Bacteria;Firmicutes;Bacilli;Lactobacillales;Streptococcaceae;Streptococcus



Bacteria;Actinobacteriota;Actinobacteria;Corynebacteriales;Corynebacteriaceae;Corynebacterium
Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Spirosomaceae;Larkinella



Bacteria;Proteobacteria;Gammaproteobacteria;CHAB−XI−27;CHAB−XI−27;CHAB−XI−27
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Rhodocyclaceae;Methyloversatilis



Bacteria;Bacteroidota;Bacteroidia;Cytophagales;Hymenobacteraceae;Hymenobacter
Bacteria;Bacteroidota;Ignavibacteria;Ignavibacteriales;SR−FBR−L83;SR−FBR−L83
Bacteria;Proteobacteria;Alphaproteobacteria;Azospirillales;Inquilinaceae;Inquilinus



Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Comamonadaceae;Schlegelella
Bacteria;Proteobacteria;Gammaproteobacteria;Tenderiales;Tenderiaceae;Candidatus_Tenderia
Bacteria;Proteobacteria;Gammaproteobacteria;Burkholderiales;Sulfuricellaceae;Ferritrophicum



Bacteria;Firmicutes;Negativicutes;Veillonellales−Selenomonadales;Sporomusaceae;Anaerospora
Bacteria;Latescibacterota;Latescibacterota;Latescibacterota;Latescibacterota;Latescibacterota



Bacteria;Proteobacteria;Alphaproteobacteria;Rhizobiales;Amb−16S−1323;Amb−16S−1323
Bacteria;Actinobacteriota;Actinobacteria;Frankiales;Geodermatophilaceae;Modestobacter



Bacteria;Proteobacteria;Gammaproteobacteria;EC3;EC3;EC3
Bacteria;Acidobacteriota;Holophagae;Holophagales;Holophagaceae;Geothrix



Bacteria;Bacteroidota;Bacteroidia;Flavobacteriales;Cryomorphaceae;NS10_marine_group
Bacteria;Firmicutes;Bacilli;Bacillales;Bacillaceae;Geobacillus



Covariates



g__Geobacillus
f__Cryomorphaceae; g__NS10_marine_group



g__Geothrix
c__Gammaproteobacteria; g__EC3



g__Modestobacter
o__Rhizobiales; g__Amb−16S−1323



g__Latescibacterota
g__Anaerospora



g__Ferritrophicum
g__Candidatus_Tenderia



g__Schlegelella
g__Inquilinus



o__Ignavibacteriales; g__SR−FBR−L83
g__Hymenobacter



g__Methyloversatilis
c__Gammaproteobacteria; g__CHAB−XI−27



g__Larkinella
g__Corynebacterium



g__Streptococcus
g__Bacillus



g__Candidatus_Adlerbacteria
g__FCPU426



g__Candidatus_Wolfebacteria
g__Methylobacterium−Methylorubrum



g__Staphylococcus
g__Flavisolibacter



g__Rhodopila
g__Sulfuritalea



g__Phreatobacter
g__SAR324_clade(Marine_group_B)



g__Enterococcus
g__Friedmanniella



g__Caenarcaniphilales
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PWY0−41
PWY−5419
PWY−5181
PWY−5744
PWYG−321
PWY−5695
PWY−5989



GLYOXYLATE−BYPASS
PWY−1269
PWY0−1533
PWY−5022



GALACTUROCAT−PWY
PWY490−3
PWY−5529
PWY−7090
PWY−7024



GLYCOLYSIS−E−D
PWY−6703
P23−PWY
P42−PWY



CRNFORCAT−PWY
PWY−6505
PWY−5647



GLYCOLYSIS−TCA−GLYOX−BYPASS
PWY−5971
PWY−5655
PWY−7046
PWY−7398



POLYAMSYN−PWY
ENTBACSYN−PWY



PWY−6876
PWY−6612



ANAEROFRUCAT−PWY
UBISYN−PWY
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coeff



sign negative positive



UBISYN-PWY: superpathway of ubiquinol-8 biosynthesis (early decarboxylation)
ANAEROFRUCAT-PWY: homolactic fermentation



PWY-6612: superpathway of tetrahydrofolate biosynthesis
PWY-6876: isopropanol biosynthesis (engineered)



ENTBACSYN-PWY: enterobactin biosynthesis
POLYAMSYN-PWY: superpathway of polyamine biosynthesis I



PWY-7398: coumarins biosynthesis (engineered)
PWY-7046: 4-coumarate degradation (anaerobic)



PWY-5655: L-tryptophan degradation IX
PWY-5971: palmitate biosynthesis II (type II fatty acid synthase)



GLYCOLYSIS-TCA-GLYOX-BYPASS: superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass
PWY-5647: 2-nitrobenzoate degradation I



PWY-6505: L-tryptophan degradation XII (Geobacillus)
CRNFORCAT-PWY: creatinine degradation I



P42-PWY: incomplete reductive TCA cycle
P23-PWY: reductive TCA cycle I



PWY-6703: reductive TCA cycle I
GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway



PWY-7024: superpathway of the 3-hydroxypropanoate cycle
PWY-7090: UDP-2,3-diacetamido-2,3-dideoxy-α-D-mannuronate biosynthesis
PWY-5529: superpathway of bacteriochlorophyll a biosynthesis
PWY490-3: nitrate reduction VI (assimilatory)
GALACTUROCAT-PWY: D-galacturonate degradation I
PWY-5022: 4-aminobutanoate degradation V
PWY0-1533: methylphosphonate degradation I
PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis
GLYOXYLATE-BYPASS: glyoxylate cycle
PWY-5989: stearate biosynthesis II (bacteria and plants)
PWY-5695: inosine 5'-phosphate degradation
PWYG-321: mycolate biosynthesis
PWY-5744: glyoxylate assimilation
PWY-5181: toluene degradation III (aerobic) (via p-cresol)
PWY-5419: catechol degradation to 2-hydroxypentadienoate II
PWY0-41: allantoin degradation IV (anaerobic)
FASYN-INITIAL-PWY: superpathway of fatty acid biosynthesis initiation
PWY-6107: chlorosalicylate degradation
PWY-5741: ethylmalonyl-CoA pathway
PWY-7328: superpathway of UDP-glucose-derived O-antigen building blocks biosynthesis
PWY-7111: pyruvate fermentation to isobutanol (engineered)
COBALSYN-PWY: superpathway of adenosylcobalamin salvage from cobinamide I
PWY0-1319: CDP-diacylglycerol biosynthesis II
PWY-5667: CDP-diacylglycerol biosynthesis I



WT: months; WGS - KEGG Modules



WT: months; 16S rRNA PICRUSt2 - MetaCyc



R = 1, p < 2.2e−16
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−0.27

−0.24

−0.17

−0.07

−0.06

−0.04

−0.04

−0.03

−0.03

−0.02

−0.01
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0
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0.02

0.02

0.02

0.03

0.03

0.03

0.07

0.15

0.58

PWY − 5667

PWY0 − 1319

COBALSYN − PWY

PWY − 7111

PWY − 7328

PWY − 5741

PWY − 6107

F ASYN − INITIAL − PWY

PWY0 − 41

PWY − 5419

PWY − 5181

PWY − 5744

PWYG − 321

PWY − 5695

PWY − 5989

GL Y O XYLA TE − BYP ASS

PWY − 1269

PWY0 − 1533

PWY − 5022

GALA CTUR OCA T − PWY

PWY490 − 3

PWY − 5529

PWY − 7090

PWY − 7024

GL YCOL YSIS − E − D

PWY − 6703

P23 − PWY

P42 − PWY

CRNFORCA T − PWY

PWY − 6505

PWY − 5647

GL YCOL YSIS − TCA − GL Y O X − BYP ASS

PWY − 5971

PWY − 5655

PWY − 7046

PWY − 7398

POL Y AMSYN − PWY

ENTBA CSYN − PWY

PWY − 6876

PWY − 6612

ANAER OFR UCA T − PWY

UBISYN − PWY

−0.2 0.0 0.2 0.4

0.6

coeff

sign negative positive

UBISYN-PWY: superpathway of ubiquinol-8 biosynthesis (early decarboxylation)

ANAEROFRUCAT-PWY: homolactic fermentation

PWY-6612: superpathway of tetrahydrofolate biosynthesis

PWY-6876: isopropanol biosynthesis (engineered)

ENTBACSYN-PWY: enterobactin biosynthesis

POLYAMSYN-PWY: superpathway of polyamine biosynthesis I

PWY-7398: coumarins biosynthesis (engineered)

PWY-7046: 4-coumarate degradation (anaerobic)

PWY-5655: L-tryptophan degradation IX

PWY-5971: palmitate biosynthesis II (type II fatty acid synthase)

GLYCOLYSIS-TCA-GLYOX-BYPASS: superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass

PWY-5647: 2-nitrobenzoate degradation I

PWY-6505: L-tryptophan degradation XII (Geobacillus)

CRNFORCAT-PWY: creatinine degradation I

P42-PWY: incomplete reductive TCA cycle

P23-PWY: reductive TCA cycle I

PWY-6703: reductive TCA cycle I

GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway

PWY-7024: superpathwayofthe3-hydroxypropanoate cycle

PWY-7090: UDP-2,3-diacetamido-2,3-dideoxy-α-D-mannuronatebiosynthesis

PWY-5529: superpathwayofbacteriochlorophylla biosynthesis

PWY490-3: nitratereductionVI (assimilatory)

GALACTUROCAT-PWY: D-galacturonatedegradationI

PWY-5022: 4-aminobutanoate degradationV

PWY0-1533: methylphosphonatedegradationI

PWY-1269: CMP-3-deoxy-D-manno-octulosonate biosynthesis

GLYOXYLATE-BYPASS: glyoxylatecycle

PWY-5989: stearatebiosynthesisII (bacteria and plants)

PWY-5695: inosine5'-phosphate degradation

PWYG-321: mycolatebiosynthesis

PWY-5744: glyoxylateassimilation

PWY-5181: toluenedegradationIII (aerobic) (viap-cresol)

PWY-5419: catecholdegradationto2-hydroxypentadienoate II

PWY0-41: allantoindegradationIV (anaerobic)

FASYN-INITIAL-PWY: superpathwayoffattyacidbiosynthesisinitiation

PWY-6107: chlorosalicylatedegradation

PWY-5741: ethylmalonyl-CoApathway

PWY-7328: superpathwayofUDP-glucose-derivedO-antigenbuildingblocks biosynthesis

PWY-7111: pyruvatefermentationtoisobutanol(engineered)

COBALSYN-PWY: superpathwayofadenosylcobalaminsalvagefromcobinamideI

PWY0-1319: CDP-diacylglycerolbiosynthesisII

PWY-5667: CDP-diacylglycerolbiosynthesisI

WT: months; WGS - KEGG Modules

WT: months; 16S rRNA PICRUSt2 - MetaCyc
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KETOGLUCONMET−PWY
PWY−7398
PWY−6163



ASPASN−PWY
PWY−5744
PWY−5743
PWY−1861



RUMP−PWY
PWY−7024
PWY−7456
PWY0−162
PWY−7196
PWY−6590



CENTFERM−PWY
PWY−5532
P341−PWY
PWY−6906
PWY−6572



TEICHOICACID−PWY
PWY−7644
PWY0−1297
PWY−6478



POLYAMINSYN3−PWY
PWY−7200
P108−PWY



−0.25 0.00 0.25
coeff



sign negative positive



P108-PWY: pyruvate fermentation to propanoate I
PWY-7200: superpathway of pyrimidine deoxyribonucleoside salvage



POLYAMINSYN3-PWY: superpathway of polyamine biosynthesis II
PWY-6478: GDP-D-glycero-α-D-manno-heptose biosynthesis



PWY0-1297: superpathway of purine deoxyribonucleosides degradation
PWY-7644: heparin degradation



TEICHOICACID-PWY: poly(glycerol phosphate) wall teichoic acid biosynthesis
PWY-6572: chondroitin sulfate degradation I (bacterial)



PWY-6906: chitin derivatives degradation
P341-PWY: glycolysis V (Pyrococcus)



PWY-5532: nucleoside and nucleotide degradation (archaea)
CENTFERM-PWY: pyruvate fermentation to butanoate



PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation
PWY-7196: superpathway of pyrimidine ribonucleosides salvage



PWY0-162: superpathway of pyrimidine ribonucleotides de novo biosynthesis
PWY-7456: β-(1,4)-mannan degradation



PWY-7024: superpathway of the 3-hydroxypropanoate cycle
RUMP-PWY: formaldehyde oxidation I
PWY-1861: formaldehyde assimilation II (assimilatory RuMP Cycle)
PWY-5743: 3-hydroxypropanoate cycle
PWY-5744: glyoxylate assimilation
ASPASN-PWY: superpathway of L-aspartate and L-asparagine biosynthesis
PWY-6163: chorismate biosynthesis from 3-dehydroquinate
PWY-7398: coumarins biosynthesis (engineered)
KETOGLUCONMET-PWY: ketogluconate metabolism
PWY-6660: 2-heptyl-3-hydroxy-4(1H)-quinolone biosynthesis
PWY-7237: myo-, chiro- and scyllo-inositol degradation
PWY-5419: catechol degradation to 2-hydroxypentadienoate II
PWY-5529: superpathway of bacteriochlorophyll a biosynthesis
SALVADEHYPOX-PWY: adenosine nucleotides degradation II
PWY-6353: purine nucleotides degradation II (aerobic)
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PWY − 6353

SAL V ADEHYPO X − PWY

PWY − 5529

PWY − 5419

PWY − 7237

PWY − 6660

KET OGLUCONMET − PWY

PWY − 7398

PWY − 6163

ASP ASN − PWY

PWY − 5744

PWY − 5743

PWY − 1861

R UMP − PWY

PWY − 7024

PWY − 7456

PWY0 − 162

PWY − 7196

PWY − 6590

CENTFERM − PWY

PWY − 5532

P341 − PWY

PWY − 6906

PWY − 6572

TEICHOICA CID − PWY

PWY − 7644

PWY0 − 1297

PWY − 6478

POL Y AMINSYN3 − PWY

PWY − 7200

P108 − PWY

−0.25 0.00 0.25

coeff

sign negative positive

P108-PWY: pyruvate fermentation to propanoate I

PWY-7200: superpathway of pyrimidine deoxyribonucleoside salvage

POLYAMINSYN3-PWY: superpathway of polyamine biosynthesis II

PWY-6478: GDP-D-glycero-α-D-manno-heptose biosynthesis

PWY0-1297: superpathway of purine deoxyribonucleosides degradation

PWY-7644: heparin degradation

TEICHOICACID-PWY: poly(glycerol phosphate) wall teichoic acid biosynthesis

PWY-6572: chondroitin sulfate degradation I (bacterial)

PWY-6906: chitin derivatives degradation

P341-PWY: glycolysis V (Pyrococcus)

PWY-5532: nucleoside and nucleotide degradation (archaea)

CENTFERM-PWY: pyruvate fermentation to butanoate

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation

PWY-7196: superpathway of pyrimidine ribonucleosides salvage

PWY0-162: superpathway of pyrimidine ribonucleotides de novo biosynthesis

PWY-7456: β-(1,4)-mannan degradation

PWY-7024: superpathway of the 3-hydroxypropanoate cycle

RUMP-PWY: formaldehyde oxidation I

PWY-1861: formaldehyde assimilation II (assimilatory RuMP Cycle)

PWY-5743: 3-hydroxypropanoate cycle

PWY-5744: glyoxylate assimilation

ASPASN-PWY: superpathway of L-aspartate and L-asparagine biosynthesis

PWY-6163: chorismate biosynthesis from 3-dehydroquinate

PWY-7398: coumarins biosynthesis (engineered)

KETOGLUCONMET-PWY: ketogluconate metabolism

PWY-6660: 2-heptyl-3-hydroxy-4(1H)-quinolone biosynthesis

PWY-7237: myo-, chiro- and scyllo-inositol degradation

PWY-5419: catechol degradation to 2-hydroxypentadienoate II

PWY-5529: superpathway of bacteriochlorophyll a biosynthesis

SALVADEHYPOX-PWY: adenosine nucleotides degradation II

PWY-6353: purine nucleotides degradation II (aerobic)
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Bray-Curtis



We fitted smooth surfaces of the covariates on ordination plot (PCoA in this case) using penalised splines.
The method uses generalised additive model by regressing the covariate as C ~ S(Dim1,Dim2), where Dim1
and Dim2 are the ordination scores extracted from PCoA and S() is a spline function. We have only shown
those covariates where the model fits i.e., p < 0.05.



Unweighted UniFrac



Water DS Pre
Water DS 3
Water DS 6
Water DS 12
Water Tank Pre
Water Tank 3
Water Tank 6
Water Tank 9
Water Tank 12



Groups



Turbidity HPC_per_g



Temperature ChlorinepH
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Weighted UniFrac



Hierarchical Meta Storms 



Water DS Pre Water Tank Pre
Water DS 3 Water Tank 3
Water DS 6 Water Tank 6
Water DS 12 Water Tank 9



Water Tank 12



Groups



We fitted smooth surfaces of the covariates on ordination plot (PCoA in this case) using penalised splines.
The method uses generalised additive model by regressing the covariate as C ~ S(Dim1,Dim2), where
Dim1 and Dim2 are the ordination scores extracted from PCoA and S() is a spline function. We have only
shown those covariates where the model fits i.e., p < 0.05.
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