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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. 
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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





References
[1]	Schirmer M, Ijaz UZ, D’Amore R, Hall N, Sloan WT, Quince C, 2015. Insight into biases and sequencing errors for amplicon sequencing with the Illumina MiSeq platform. Nucleic Acids Res 43, e37–e37
[2]	Joshi NA, Fass JN, 2011. Sickle: A sliding-window, adaptive, quality-based trimming tool for FastQ files (Version 1.33) [Software]
[3]	Nikolenko SI, Korobeynikov AI, Alekseyev MA, 2013. BayesHammer: Bayesian clustering for error correction in single-cell sequencing. BMC Genomics 14, S7
[4]	Masella AP, Bartram AK, Truszkowski JM, Brown DG, Neufeld JD, 2012. PANDAseq: paired-end assembler for illumina sequences. BMC Bioinformatics 13, 1–7
[5]	Rognes T, Flouri T, Nichols B, Quince C, Mahé F, 2016. VSEARCH: a versatile open source tool for metagenomics. PeerJ 4, e2584. https://doi.org/10.7717/peerj.2584
[6]	Quast C, Pruesse E, Yilmaz P, Gerken J, Schweer T, Yarza P, Peplies J, Glöckner FO, 2012. The SILVA ribosomal RNA gene database project: improved data processing and web-based tools. Nucleic Acids Res 41, D590–D596
[7]	Bolyen E, Rideout JR, Dillon MR, Bokulich NA, Abnet CC, Al-Ghalith GA, Alexander H, Alm EJ, Arumugam M, Asnicar F, Bai Y, Bisanz JE, Bittinger K, Brejnrod A, Brislawn CJ, Brown CT, Callahan BJ, Caraballo-Rodríguez AM, Chase J, Cope EK, Da Silva R, Diener C, Dorrestein PC, Douglas GM, Durall DM, Duvallet C, Edwardson CF, Ernst M, Estaki M, Fouquier J, Gauglitz JM, Gibbons SM, Gibson DL, Gonzalez A, Gorlick K, Guo J, Hillmann B, Holmes S, Holste H, Huttenhower C, Huttley GA, Janssen S, Jarmusch AK, Jiang L, Kaehler BD, Kang KB, Keefe CR, Keim P, Kelley ST, Knights D, Koester I, Kosciolek T, Kreps J, Langille MGI, Lee J, Ley R, Liu Y-X, Loftfield E, Lozupone C, Maher M, Marotz C, Martin BD, McDonald D, McIver LJ, Melnik AV, Metcalf JL, Morgan SC, Morton JT, Naimey AT, Navas-Molina JA, Nothias LF, Orchanian SB, Pearson T, Peoples SL, Petras D, Preuss ML, Pruesse E, Rasmussen LB, Rivers A, Robeson MS, Rosenthal P, Segata N, Shaffer M, Shiffer A, Sinha R, Song SJ, Spear JR, Swafford AD, Thompson LR, Torres PJ, Trinh P, Tripathi A, Turnbaugh PJ, Ul-Hasan S, van der Hooft JJJ, Vargas F, Vázquez-Baeza Y, Vogtmann E, von Hippel M, Walters W, Wan Y, Wang M, Warren J, Weber KC, Williamson CHD, Willis AD, Xu ZZ, Zaneveld JR, Zhang Y, Zhu Q, Knight R, Caporaso JG, 2019. Reproducible, interactive, scalable and extensible microbiome data science using QIIME 2. Nat Biotechnol 37, 1091. https://doi.org/10.1038/s41587-019-0252-6
[8]	Douglas GM, Maffei VJ, Zaneveld JR, Yurgel SN, Brown JR, Taylor CM, Huttenhower C, Langille MGI, 2020. PICRUSt2 for prediction of metagenome functions. Nat Biotechnol 38, 685–688
[9]	Callahan BJ, McMurdie PJ, Holmes SP, 2017. Exact sequence variants should replace operational taxonomic units in marker-gene data analysis. ISME J 11, 2639–2643. https://doi.org/10.1038/ismej.2017.119
[10]	Li D, Liu CM, Luo R, Sadakane K, Lam TW, 2015. MEGAHIT: An ultra-fast single-node solution for large and complex metagenomics assembly via succinct de Bruijn graph. Bioinformatics 31, 1674–1676. https://doi.org/10.1093/bioinformatics/btv033
[11]	Uritskiy GV, DiRuggiero J, Taylor J, 2018. MetaWRAP—a flexible pipeline for genome-resolved metagenomic data analysis. Microbiome 6, 1–13
[12]	Kang DD, Li F, Kirton E, Thomas A, Egan R, An H, Wang Z, 2019. MetaBAT 2: an adaptive binning algorithm for robust and efficient genome reconstruction from metagenome assemblies. PeerJ 7, e7359
[13]	Wu Y-W, Simmons BA, Singer SW, 2016. MaxBin 2.0: an automated binning algorithm to recover genomes from multiple metagenomic datasets. Bioinformatics 32, 605–607
[14]	Alneberg J, Bjarnason BS, De Bruijn I, Schirmer M, Quick J, Ijaz UZ, Lahti L, Loman NJ, Andersson AF, Quince C, 2014. Binning metagenomic contigs by coverage and composition. Nat Methods 11, 1144–1146
[15]	Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW, 2015. CheckM: assessing the quality of microbial genomes recovered from isolates, single cells, and metagenomes. Genome Res 25, 1043–1055
[16]	Zhou Z, Tran PQ, Breister AM, Liu Y, Kieft K, Cowley ES, Karaoz U, Anantharaman K, 2022. METABOLIC: high-throughput profiling of microbial genomes for functional traits, metabolism, biogeochemistry, and community-scale functional networks. Microbiome 10, 33
[17]	Kanehisa M, Goto S, 2000. KEGG: kyoto encyclopedia of genes and genomes. Nucleic Acids Res 28, 27–30
[18]	Selengut JD, Haft DH, Davidsen T, Ganapathy A, Gwinn-Giglio M, Nelson WC, Richter AR, White O, 2007. TIGRFAMs and Genome Properties: tools for the assignment of molecular function and biological process in prokaryotic genomes. Nucleic Acids Res 35, D260–D264. https://doi.org/10.1093/nar/gkl1043
[19]	Finn RD, Bateman A, Clements J, Coggill P, Eberhardt RY, Eddy SR, Heger A, Hetherington K, Holm L, Mistry J, Sonnhammer ELL, Tate J, Punta M, 2014. Pfam: the protein families database. Nucleic Acids Res 42, D222–D230. https://doi.org/10.1093/nar/gkt1223
[20]	Anantharaman K, Brown CT, Hug LA, Sharon I, Castelle CJ, Probst AJ, Thomas BC, Singh A, Wilkins MJ, Karaoz U, Brodie EL, Williams KH, Hubbard SS, Banfield JF, 2016. Thousands of microbial genomes shed light on interconnected biogeochemical processes in an aquifer system. Nat Commun 7, 13219. https://doi.org/10.1038/ncomms13219
[21]	Zhang H, Yohe T, Huang L, Entwistle S, Wu P, Yang Z, Busk PK, Xu Y, Yin Y, 2018. dbCAN2: a meta server for automated carbohydrate-active enzyme annotation. Nucleic Acids Res 46, W95–W101. https://doi.org/10.1093/nar/gky418
[22]	Rawlings ND, Barrett AJ, Finn R, 2016. Twenty years of the MEROPS database of proteolytic enzymes, their substrates and inhibitors. Nucleic Acids Res 44, D343–D350. https://doi.org/10.1093/nar/gkv1118
[23]	Chaumeil P-A, Mussig AJ, Hugenholtz P, Parks DH, 2020. GTDB-Tk: a toolkit to classify genomes with the Genome Taxonomy Database. Bioinformatics 36, 1925–1927. https://doi.org/10.1093/bioinformatics/btz848
[24]	Lee MD, 2019. GToTree: a user-friendly workflow for phylogenomics. Bioinformatics 35, 4162–4164. https://doi.org/10.1093/bioinformatics/btz188
[25]	Dixon P, 2003. VEGAN, a package of R functions for community ecology. J Veg Sci 14, 927–930
[26]	McMurdie PJ, Holmes S, 2013. phyloseq: an R package for reproducible interactive analysis and graphics of microbiome census data. PloS One 8, e61217
[27]	Zhang Y, Jing G, Chen Y, Li J, Su X, 2021. Hierarchical Meta-Storms enables comprehensive and rapid comparison of microbiome functional profiles on a large scale using hierarchical dissimilarity metrics and parallel computing. Bioinforma Adv 1, vbab003
[28]	Vass M, Székely AJ, Lindström ES, Langenheder S, 2020. Using null models to compare bacterial and microeukaryotic metacommunity assembly under shifting environmental conditions. Sci Rep 10, 2455
[29]	Shade A, Stopnisek N, 2019. Abundance-occupancy distributions to prioritize plant core microbiome membership. Curr Opin Microbiol 49, 50–58
[30]	Burns AR, Stephens WZ, Stagaman K, Wong S, Rawls JF, Guillemin K, Bohannan BJM, 2016. Contribution of neutral processes to the assembly of gut microbial communities in the zebrafish over host development. ISME J 10, 655–664
[31]	Foster ZSL, Sharpton TJ, Grünwald NJ, 2017. Metacoder: An R package for visualization and manipulation of community taxonomic diversity data. PLoS Comput Biol 13, e1005404
[32]	Calle ML, Pujolassos M, Susin A, 2023. coda4microbiome: compositional data analysis for microbiome cross-sectional and longitudinal studies. BMC Bioinformatics 24, 82
[33]	Niku J, Hui FKC, Taskinen S, Warton DI, 2019. gllvm: Fast analysis of multivariate abundance data with generalized linear latent variable models in r. Methods Ecol Evol 10, 2173–2182

image1.png
Shannon

7.5

Hré@

.
25

Biofilm Concrete 12

Shannon

1 -

>

Biofilm Concrete 12

Shannon

5.04

Biofilm Concrete 12

68" -

6.7- e

66

Shannon

65"

64.

Biofilm Concrete 12





image2.png
Occupancy

B C ————
ors oms ors
0. g oo § oo oo
025 025 025
0.00—= 0.00 000 "
5 4 3 2 1 5 4 3 2 5 4 3
1og 10 (mean rlative abuncance) 10g 10 (mean etatve abundance) 10g 10 (mean et abundarcs)
o
o8
os z
£ oo -
H & o
H
H H — _—
S . S oz Vd
Lo [ wl
&7~ g s
00 oo 00
ranked texa f—— p—

Water DS Water Tank -

075 075
£ oso A A g os0
8 e ccnel g S S——
8 8
02s 025
000 — 000
s 4 s 2 4 s 2
log 10 (mean relative abundance) log 10 (mean relative abundance)
o
Z
0t H
2 — g o
H e -
g oz S o2
H &
oo 00
ranked taxa ranked txa

_ Polyethylene biofilm




image3.emf
unculturgdiBacterium

uncultured.gggterium @fiyeq Roseobacter uncul 8B bacterium
andidatus Adler i detdgiBRcren ,
e s " “ e riedmanniella

datus_Yandfsiyba turel H_marine unculturfdiBacterium
unc d lbacteriu B 0662
uncutured_badfefilim ails. Yano e d_bactefium p-6620

didatus_ZamBryskibact - y 4

eae

priaceae
robacteri
ales Weeksllaceae Micr um
Microbécteriaceae
Propior teriales.
unculturéd_bacterium FlavoBactériales

freshwater_t gnor

Candidatu: erbacteria icrococeales
N Candigatus Yands!

groundwater. nome-aElidatus bryskigacte 03
- didatus_Kal§@rbacteriiandidatus

Candi Zal g

 Sesneia Corynébadterium

’ Gaenibacilus caldisaponilytious
Corynabacteriaceae g yefogbecus = poniyt
nebacteriales Tuberibacillus
Enterococeaceaegorojactobacillaceae

Lactobacillalesy @il

a cea
{0 USEN0BEco (B)cacofabcdlior y , uncu

lum i 3 B Ga sp.

d_bacterium
uncutturdiBacterium Met

ria
ter; oo matim ctinobacterium
Ber terid e iq  Firmicutes  Bacill

mycetes a Suaphylococcaceas

s Staphylococcales' Staphylococeus

unculturdd Bacterium
teria
eccha
oteraceag . .
uncul actinobacterium
S iy Eophilia

Sphinggbacter d Nodes
uncutureBicterium I<robadt i unculiured DdSlluromonadales 0.0000 m— 1.00
" “ { . i 0.0556  — 6.39

1
0.2220 - 22.60

0.5000 49.50
0.8890 87.20
1.3900 136.00
2.0000 195.00

uncultured_bacterium
Obscuribacteraceae
ribacteraceae

uncultured o ace & 54

sou
Obscufibacterales uncultured_soil
obacterium

Rubellimicrobium:
Paracoccus

Hypsibius_

aeon red_Brucella

g - a Y Water DS Pre

acterium

erl ae,edis ’

osEschdfichia-Shigella a a " a .
PseudotiSRgieiaced ... A alBiigomobiiis

Pseudoffngielia e
el » S

anthol

unculturéd_bacterium

aceae w o Obiuf
Methylopt e . "
A § “'Beijeiekiaccas cultured ¥ icrobiaceae SR-FBR:Le3 Chrysd
aceae odopsd onas,
ed

fieriales : : robium wncuturg@Becerum

E@8EaVethylotella
jomicrobium
—_— Parcubacteria
. . unculturéd_Bacterium

uncltired  Parcubacteria

Nitroso daced y a8 45 4 | 1 3 3 v Enterdboccaceae
! TR \c b ' v V

Weekd

SA-FBR-LES
ured uncultured_|

Flavo
Ignavibacteriales

b d
) unc . &4 LnculturgdiBacterium [ isaponilyticus
metggefiome Parcubasteria
S Y 4 Pres : ) 6.40 503 3= .
e actey a i atescibacteria
e unulired, A INgo gaceae (@] B Staphylocaccales
y = o clothome i NoOSRfilobium 8.57 1120 © B
metggenome - S Sphingor Sphingopy: . . Deinoeotcota il ococos
uncultired_rnd§BBpiria btolbteraceae NovosphiigBlum_fuchskuhlense D e
Rhodos wmi"é"""‘”‘ﬂ’i‘f.?u Deinococci: Trueperaceae
Amprifiiggtus 3 Rosgombnas 1 1 1 O 1 98 O l— Gammay i e
P! a . . Undibacterium
Brev 2 Rhodovarius Doggonas te_bacterium
uncuttur@@Brcterium e | Roscongnd._stagni Dechlorémonas_sp. - Nodes
unc (i ngia igui 2 )
uncutured (Bagteriom incultdfed) bacterium 1 3- 90 309 -0 itired bacteriam 0.0000 1.00
uncultur m 0.0556 — 6.39
unculttred obacterium
17.00 445.0 02220 - 2260
Estraceasgy
0.5000 49.50
oo 0.8890 87.20
i icte
T 1.3900 [ 136.00

Water DS All

2.0000 195.00

Water DS 3

uncultured_bacterium

it SR-FBR:LES .
e imFriedmanniella
SR-FBR-L83 Propion riaceae Microbacterium

Chrysedbacterium

unculturéd_Bacterium

D SR-FBR-L83 Ghrys:

uncultu

s ComEBateriun Microbateriaceae

‘Corynbacteriacoae uncuturéd_bacteriumignavibacleraleseeksellaceae ,

orynébacteriales

eria Parcubacteria
Flavobacteriales

Ignavibacteria Actinoba

Badleroidia

unculture Enterococcus

Parcubacteria

Enteracoceaceae  Gagnibacilus caldisaponiiyticus.
priota, .\ Balles. Tuberibacillus
‘Sporolaclobacifaceae

dans.

Parcubacteria jisaponilytious

Bacteroidotap o

Parcubatieria
Ferri e
Patesalbécteria

Staphylogiccalos Staphylococcus

v - Staphylococcaceas
uncuttured_ Deinococcus
Oxalg Deinogoecata
inococeus Tidepera

Undi Deinococci Tiueperaceae

Deinacoccales

s p. P seudomonadales

bo bactrm Nodes ) Nodes
0.0000 =—— 1.00 Pseud 2obi g ieabeciersceao bacerim 0.0000 e 1.00

Moraxellaceae
Enterobacterales

AongFeer oo 00278] — 639 00278 — 639 _
Enterobacteriaceae 01110, — 2260 S b 4 01110/ — 2260 S
Entérobacter Elste Q Rhoddfiale 8
Escheridhiatshigella 0.2500 49.50 ‘5 iaceae  ISERSER A 0.2500 49.50 3
wncu@ipctrim

- 0.4440 8720 widbecenn ny 0.4440 8720 |

unculur 0.6940 136.00 A W 0.6940 136.00

1.0000 195.00 1.0000 195.00

Water DS 6 Water DS 12

QOTU count

OTU count










image4.emf
B o 4r-
R - | R
. e o & s —
unculturéd_Bacterium i " - e R S * & i A Jv - ad® o
) B N 8. .
) ) uncultured_jagterium , ed_Roseobacter ynculidfB) bacterium - oo A orc @ g 4 p .
andidatus_AdlerpagteriaCommatimiohadets eri 2 h & > o
g metd fod_delta T B W < ol
skybadleria ure@odtm e uncultuf@@iBacterium —— —_— ) . . 4 o
A uncultured_badiemiim 2 Vanofskybe .or Bl viorigoaio-6c20 undutuged N S 3 in ; d i
andidatus. Z i ! 4 P . a .
freshwater_ enor i d M ncultured, baciggg o s 3 4
et ibinis dceae Lacufiigpacs 1 cpabacecium
Candidatu proacteria (f o o uncultured_bacterium o - -
g . naglle - o
enomeCatidlidatus te em s 20 Schlesneria scunes ° -
groundater_nffEnome S | badtanim e G O 4 p - -
(Ula'ndi s =
d_bacterium — s 5 .
unculturd@Bacterium Met cofso o v teria Lo ” - o
- e o 2
. ctinobacterium o - - o,
mycetes rcose - ) icrotum
y o 3 o P e Nodes
E unculturdBacterium e &4 N Alph ' [, - 0.0000— 1.0
Fer T o -
lumtobhcteraceag A 0.0833° — 13.3
V. ouidliE. uncult actinobacterium wcungyane_ gughlP ke Y . <
el = K & ry X 4 R e Y 0.3330 503 >
‘ 4 : v v 4 e TOIN\ = 3
uncutture@BBcterium 2 a egé Chitpopagaceecgvgy  unculiured D&8lluromonadales s GO G 7 = 0.7500 112.0
uncult eriom | o »y N g 3 pdpoles ™ el [, ~YR— ]
A e b W e, IR 1.33008 +-198.0 5
uncuituréd acterm T @ @ P, D S 2.0800 8 309.0
e p Obscuribacteraceae P n W
unculture 5 s Qporcnen
c el 3.0000™8 445 0
I obacterium

Water Tank Pre

Hypsibius_

acon yrffllllured_Brucella
osotent

unculturet
acterium

erota Nitgs ia Brtae_Sedis ot e i i
- Cancidatus_ZambryskiacteriaGenmuirerdibles b 091946620 R

aeri uncultrdd Bactorim @RS e o uncutrdd Bictedum
a-Shigella a @ aloligomobilis - . ]| @i il e
e G ancidatus_Zambryskoacteria Suiebsdoranculred G e undiing
Constnmienr oA e S e @conin il
~ T v oy 4
Antho : commnai | he b, WU N L A
Biizoo PRt e 0 Wy -
*'Beije ffitkjaceas cultured icrobiaceae - G TR B 4 s Escun
eae odopse onag,, N R e S ncongdlacinn
ed@icrobium o P, e o WY S 7 o
BntethylBbelia s ige e S o iR | )
ured uncultured_Hyphomicrobium 3 00 1 0 P Wt W SN y 7 4 4 e
. [ . W W T
\ . ] e e, - S I i
u ™o 9630 KF-CHeY i Q " Gorhageomo L AGPaS.
o 4 54 13 3 e i, B oo o 4
) — Lo (gt @ses s cren S ) R —
Nitroso daced . . — 3 CocBhers o B0 ", <% il W
TH o p - N Oidseeo g Chlorofex: cnnn " rce2 ’
A o e ool . c e
) ! - ncultur@diBhcterium c . _— - - One -anmm
i 6.40 50.3 e e P
ome . a pre— o
N : 3 3 . e o
M oceae o i o O el
‘ . gt =080 B Wi sore -
: \ o@afhons B NoV IR obium O -~ i .
ead Sphingor i . . . gt teria Fhizobiaiza
bme Sphingopy e e O SNPO s R ercet
uncultired_Rhddaspirilla Phomohag ceacdiGlitured AGetot) aceae NovosphiggBlum_fuchskuhlense ) &= P o N Fng - i
o /\ RN
ul Fugs " e a N
Amph H@ . Rosgombnas 1 1 1 0 1 980 l_ B i " oo bolon <y o Nodes
Brevi 2 Rhodovarius o o .l 3 - uncseWponcroecese
uncultur@8Bacterium Roseo _stagni ol G o0 e 0.0000 1.0

o e @ seceriam 13.90 309.0 e RS cal S 0.0556 — 13.3

0.8890 198.0

unculturddibactetithy P s T B €
unculttired obacterium e v 0.2220 503 >
il 5 o o

17.00 445.0 s 0.5000f +-1120 O

[ S o E

o

R SR

- 1.3900 309.0

Water Tank All
Water Tank 3

e

- . ancusiined dita, uncuit "
[ — IR - T l?
uncuitugilbactorunagrore e e P, g ~g i
S vl " o s - . v e S won @@ | — —— e o o
" Candidatus Adleibactei®,  uncuiturod " Candidatus Zambeyaklbacteria ™ n_Adfgpacierd : unliles - e
Candidatus_Zambryskibacteria Wl Bacteriim. uined ool el et e N it " - " i "
. .. B S o — R LT ey Yl el W s o]
e e o8 B b e S S0 e INGES io M  ff  cn cn W e =
RS S ok y Biioglyned AP po, VR otrs s =
s Narsdaces -l o ot
Candoatitther o s becee comary oo A — St et Gemmaimonacocolly 14452 il P et @ [um— . L g
oo vt wobiicurs | Wl ol EF oo s s B e P e R 7 7 3
o e OO Adaaces i R Y £l B & 4 S - -
eancoadiog ) i 1 P — % . =
. = prilts ST e L SR VN el
e, o 1D ool e e o T G4 g i) O A e e
rdcron . =y T I R e X vt o 2
medgstere oo KEscues uncuturd Bacteciven G e st y - wncuturec cvactarum
b, S pr'e Biriso i e i R e ol i Soioes el -
rsa D A e — s 1yon Poracsncess oo it E
roose 10X O ey N onaacoacoas P = Tl oo s P Becteia v Tenih .
153 NG e, U e i 200 KB e BT e il gt oo s
Vicnabaci Pt eBAEIOn M oot cusitiicss 4 s ol i, e G S s G ot R — o
et worase B M e ey eV ——
> " sacleroida ncutured pactorn e, -, JCrorofesis A ¥ ActogE P vy . cpe-st o
o, T 3 aD s - b gl
- S N O b P i o N = P e puin -
[ o prears Oz B [ .
Y il e ER— oo hore.cs
st = 9 o~ - i
a nculureq Bacterimincunes ota et
‘Smkaniacase ibactscota Gy msiagenome. N oy, i &
e crmne [ P, Y-
ol B ™ e O == s Gy R — Py %
Fopstos ot s . . camonorada PO roro oy flBorin - - Lo e g wcisallihosce "G -Ee TS
— fnaobiies g e @ . e L i S S
e R Camp.. = e Rprcesa TS g P eria ape™" o
eria - Devosa " siazs Gammap) Crarehonss uptents Frizon . ses
B _c—— Conathacon o T - s oo st —
PRy T Ebmemnr 11— o T [N o Ongecic g
o v B o evouo AT NGRopomos Do Rles" " oeco
ot " - »
e arinor b A B i

Nodes

ey Pecogi@pbium

) P I 2 % e g Nodes R &8 " B b i Nodes

T~ ool o, O e 0,0000— 1.0 o, & - & e 0.0000— 1.0 0.000— 1.0
2P ot 4l Bl e 00833 — 133 _ i A : g n 0.0833 —13.3 . 0167 — 133 _
o~ A T oam0) - 503 5 Rl S ! No o 03330 —503 3 0667 503 3
motgggome m«:w":"“um;:H T“m : z:.’g:‘mmmmw 0.7500 112.0 ; e m_m:: W o "m-u B Spp— mmmm 0.7500 112.0 ; 1.500 112.0 ;
=\ ) il 1.3300 [ 198.0 & s 1 -] o ;-3222 ;zz-g 5 2670 f-198.0 i

SwatuY .. Lo 2.0800 309.0 e 1o R 4.170 309.0
e = i il 3.0000 #4450 o

Water Tank 6 Water Tank 9 Water Tank 12

6.000 445.0










image5.emf
unculture

Gemmatimor
metag

uncultdred prokaryote

A

PaludibaBulum w &

er
Acidg Sub
unculturdd_Bacteriui G

unculture lacterium

unculturdd_Bacterium un

Schi ia
oclomyd

uncultured_b

ur edPlang
Hypal unculti@@bacterium
ncutu@@@ibacteri

Incultured P eraceae
aceae P

Phycispl

\ bacterales

gobacteria
teralo"PFE

Enterob
Escher

0idoD

Saipisphaed
Solimonadace;
Neskia nterd

Ps ada
i sShigella
Enhydrobacter
pmonhadaceae Oxalot
Rhi; ter)
Comam:

Hydro

uncultured_P:
erPisg
Ideriale

lcultured

Azospirilale
-20

Reyranell:
Az Reyranellaceae,
ospirflacere o
2] Heyrancla FC3

'® uncultu ed\cetoba

hmma unc|

uncultured_ad

unculture

ed_Rhodospirillales

uncy
uncultured_A roc!

bacteraceae

les_bac

unculturé

jacterium
jacterium
met

Mé6

bme

Um0, cultured,

teral
philia

odobacter.

Xisincultus

igui

ltured

alpha_proteobacterium

obacterium

uncultured. obacterium

7undlitured

54
Bdelloyif

Pnaleancultured_Roseobacter

acterium

Jacterium

Brucella

uncultured,
a_oligomobilis

tlfured_bacterium

Nodes
3.00— 1.00

4.45 9.28
6.19
8.21
10.50
13.10
16.00

ured,

red
cultured i

lomicrobiaceae
homictabiim

Bel
aXanthy
zobium

jacterium

laceae

ftured_Afphaproteobacteria
Ampl

ured
uny

jatus

ure izobiales

acterium

culture
bacteri

Biofilm Concrete ALL

commamonaseipscin, b 4

D Xl

oW
s Bt

P
e s

o
e R

——

Ko wilies
o

\ o oA

g res
ke pr

A piise

e
ocsse | 6o Qe i 0 A4
Foicess ]
r-aficor
Pt e, N0 wossdbscnac
onsaBlasiocat T oo
oo . i
o

e
[ —
g

P B e T —
B

NosBoonts

ncuture P

wonss s

b o
Amphipleatus

s e ves

Biofilm Concrete 6

Nodes
0.0000 —— 1.00
0.0833
0.3330 -

9.28
34.10
75.50

133.00
208.00
299.00

0.7500
1.3300
2.0800

OTU count

3.0000

e
T e —

P a—— o

-

e,
Beaoieionss

uncuturod

Inculturd_Py

raceae i

erales

dopnaobiles
3

T —.
g

Biofilm Concrete 9

34.10
75.50
133.00
208.00
299.00

OTU count

Nodes

0.0000~— 1.00

0.0556
0.2220
0.5000

0.8890
1.3900
2.0000

— 9.28
| —34.10
75.50
133.00
208.00
299.00

OTU count

o

P
wncuturdlbactoriom

.

Fuo

frcutu lurod

S——
R,

eriales

e

Ry

ncuure

e g e

Booiibronigaiiacen

Ol

cteria

Dei@liaPrizoviss 1

et

ol
celoianscins

uncutured 1

[y —
e

Nodes
0.0000 —— 1.00
0.0833 9.28
0.3330| — 34.10
0.7500 75.50
1.3300 133.00
2.0800 208.00
3.0000 299.00

QOTU count

Biofilm Concrete Pre

e —
oo thcnee s Bosconn
e . -
Gommatmon s aom ol
meiems Y oo 4
ol e o™ e

e uncumred Rpsecacter
e saon
wiions i
T X W VS _saine el
S\ fev e N
g )
3 eria s 77 B —
Peuture P 7 o gy o
" e . G gt
il
" [ I ot it s
P o oconact ooater Rnizovia o Sedis ooium
riales  urcur - s rales. L uncuted_HypROmEobacese
el
., o2 et S e
= Shdll @ T » A TR Voo
A e omms
- y s p
af o A .
w4 & Fo NBRycooe
- P A
’ Y g P.,.m. -
uncultured e e s Corgipau ™
; - @ o, "
.y ey Fives ool B
sy
B i f. l. C t 3
e ——— 7
o 181NN "
. B -
ncutued erium Plar otes o na "
> e b L. of®
5 R - Tt g el
. “hevsiglmanadacens e -
o e teria Na e e
s A @ cu Erocgracse o s
N > e " S—
-~ N
i rales b D Ta—
5-as o e oria
C 5 W
y s Acetc '3
E
m. .. » g
il n
Solfcofbasces
uncultured_ bagfim o g e .
foo meiffffore -
e . )
oy

Biofilm Concrete 12

Nodes
0.0000 — 1.00
0.0556 — 9.28
0.2220| — 34.10
0.5000 75.50
0.8890 - 133.00
1.3900 [ 208.00
2.0000 ¥ 299.00

OTU count

Nodes
0.000— 1.00
0.167 9.28
0.667| — 34.10
1.500 75.50
2.670 133.00
4170 208.00
6.000 299.00

OTU count










image6.emf
ncoturod inobactomun
R

R N— unculures
unculligs so1
il
boa 7-1a
Gaiiese
b o

P Gaolaos

wnliiza
rossioconn P " [ S—
iella_sp. @ Y - undliffes
3 _Sp. wio s
uncultured_actinol e o A -
i i ‘uncutture terium ria uncuitug Karyole
unculturs acterium un¢ ed uncu § soil V.. o e - .
n ) 8 0 il oo oG
unculturd acteriurg [ . Natipaes
il

Veinsmdteracsse  acdabitor

uncultured_bacterium$ 14 nq gy S, ol g g
Itured oy’ b il
uneulture ubinisp e 9108 uncultured obacterium \ - S Hyococein
o coturod_bacarm, 1124 112 HaStOGaIC! Myxacoocota octocum
uncultured; acteri oL
eae 90 cterium ed contnd R
uncultured erium Plancto o i

ed
Cald j irospira Nodes
uncultur acterium ) o C n d_prokaryote " 0.0000—— 1.00
Pattd umKD
Acid . aeroli : & 0.0556. — 6.61
(10D g . e ; = 0.2220 - 23.40
Ac uneultured " 4 Gadg77536  undultured
Vicinamibacteraceae v U P & O —— 0.5000/ - 51.50
Vicinamibaetg a 0.8890/ + 90.80
Lutei i ; 0 cae 1.3900 % 141.00
_24 glaonacterio @ uncult bacterium B A 2.0000 %% 203.00
unculture < Iia Son A a e
G phing as teraceae ¥ 1
phingomonadz e Va vibrio
s - O R edmarchacon Biofilm Polyethylene 3
Phenylobactg erag¢eae i otenuis
Acetobacterace Nittesopumtlates
Caulobag 8 RA3-20 Ry o
Caulobactera 2AcetoD : eae Dech onas_sp. g
. _ a onas \
e TWycicose Nodes C o
uncultured_Alphapro cula deriales —a- ) . ¥ 4.
Hirschi uncull ) oY ai S Bdaccae N -
Hyphn 4 839 | Logoncls somon: 4.00 1.00 “
O Ga0077536 stagenome \ L 4 v >
SV, tngclijl ij ella i 4.69 _ 6.61 - B X /477
ur . b o \ e &
unculture eriu ". ale " Y C e D M 7
uncultured_bag Y A”unc dBo ’ / aceae G 7536 aceae 5.44 23.40 8 S . X
cInacegy) ™ Rhiz cdis inetobacte ltured ‘ " \ = o
uncultured_actinobagterium Rhodops: as 6.25 5150 © > SN o
Bradyr P obiaceaaincultur seudomonadaceae oD . :
Nodele  Pedo 7.1 9080 . -
Nordellg@ligomobiis - Hy G obium T NG PigigBRkeria [P
unculture icrobiaceae 8.03 141.00 e S ” e Nodes
unculture acteftim S Locteria o q
9.00 203.00 s A 00000 — 100
W A = G 0.0556 — 6.61
..... ] o’ : W 0.2220| — 23.40
. 5 —d 1N h 4\ 0.5000 51.50
BlOflll N PO'.yethyl.ene ALL o N - 0.8890 |- 90.80
R 1.3900 (- 141.00

2.0000 203.00

Biofilm Polyethylene 6

cunuaffBncoacteriom

ncoturcfBbcreriutincutu@acterium

e o
D uncuturd@Bacterium Ja E
o uncutured_ @ovacterium

un
uncuturfiBacr PrancReicGlibiaced biruf@8Fcroics

herm@legpniia, un
a0 CuiffBeriur

B

uncultr

Vicinarm @Bleracese
Vicinagd
wi@®

pacterium

Incultureg
rohacon

EscherichiaeShigella 4

oo
R
uncultured_ poacteria = o NOdeS NOdes
! TS 1.00—— 1.00 e 0.0000 ~— 1.00
s b 126 — 661 " 00556 — 6.61
uncuitr g@fferom pac \ c Dongfilhac N c
P 1.55 2340 3 N AD 02220 — 2340 3
. L ‘ 1.87 51.50 ; [oconacrecce gl o ol R 0.5000 51.50 ;
uncuiture Poaclun s | " microbium ug pbiaceae
Riocospi@ bacterum 4 . " blaceae uncultured_Pg@lbmonadaceae 2.21 90.80 5 wounres (e y . B coium uncultured_P{gipmonadaceas 0.8890 90.80 5
N s 2.59 B 141.00 Hid 1.3900 - 141.00
e 3.00 B8 503 00 et 2.0000 =58 203,00

Biofilm Polyethylene 9 Biofilm Polyethylene 12

OTU count

OTU count










image7.emf
unculture terium

Ca jatu: lerbacteria
Candidatus kybadiglla u

- noutured_P@Blomyostaceas
uncultured (@@BleriuminciioMAdiesbadigha - noutureddbacten ugliturédBecterium
Gancidat IS anolsk Qg y acteriu
Parcubacteria. R une fum itured_bad§
Cai YSlibagleria | uril
. W5 L e 05 T —
a acteri@hsiopna °
Y o0 A2
e e o / 2 A ( 4 Liurad Bacterium

-11_terre: 4 : . ‘ o
freshwater_metade 5 o 55741

Gemmatimonad 2 uncultug@@8Bacterium
| uioreo

uncultured_bact
a lade  uncuturd@Bacterium
uncultured_acti
od_glifuncu@@ prokaryote
drogefiédgnsace:
unculure 8 4 geead B 0 3 furomonadales
unculturdfBecterium v
pabagiefiaie: un@ilyred_organism
iured . " ’ m
Sedimini ap \ A
Chitiny

Kapal
uncultured_Sedflibacteriug

m
wred bacterium
uncultured olum

Obscurbal bacterium

incuturdiiBa © % 4 ome

bacterium

. ed_archaeon
metagf ol s

uncuturdiBacterium d_gamma
uncultur pcter,
200 Rhodoferax et
daceae
_—
org@bcterium
adaceae
BN DESHE 1
a ncultUTgERprokaryot
Nod
Gallior = me jome 0 eS
ide
o8

1.00—— 1.0

o o
fece . A Diplorigketi - ) 3 b Akliimricola
. monad
\

A St
: aceao
'Paracaedibadteraceae 3 h EI " elRiked . .
Lo oy 4
— L . ¢ g Pl:e d ellvi TBf, b
mote gl i P - v -, ovacio R bacterum c
unc po A R ome
Lacibactef K Dqg s Alteromon! bac Family :
P 3 » a teroidghattel . .
unculured ongliiyod ; rrorers Lol o WMo o
Sphing
ung obacteri u o W ¢ W undifired rure B 297 123.0 (&
uncultured. lovosphing b ae und@iliied . .
Rhodogpirill bacterium - y lizobiales_li pe_Sedis

osphingob{fuchskuhle y rogittyd uncuitured. Legionella

)
AN 3.87 2170

acter

Ph
ome | Nordellag@iljomobilis
uncultured_Rif@8spirilaceac el i@l hizobiales
u

ungf

n
uncyilfed_Alpfiaproteony
metage@ipe

4.87 339.0
R o 6.00 488.0

Sediment ALL

T oo

B aidir ¢ Nl

e R i & Ty 85 - 5 e PG
Y \ - » o NG\ Dy.... Nodes e . e, g Nodes
g ol ; e 0.0000— 1.0 4 e e 0.0000— 1.0
ey Q9555 5 N\ S\ e 00833 — 145 _ el s TN . 00833 — 145
~a /A BTVONEN RN NS N 0.3330| - 55.1 § —od LTI N X Sy 0.3330| - 55.1
e I : * SALR T = - 0.7500} +-123.0 ; s 2 : &7A%\ 2% SR Sl 0.7500} -123.0
g’ o & - o s by B U 1.3300(-217.0 = e e P PN T 1.3300[%-217.0
A h-Ied LT 20800 330.0 O — - 2.08008 339.0

3.0000 ™8 488 0 s 3.0000 % 488.0

Sediment Pre Sediment 12

OTU count










image8.emf
<
. ) X
D : » ) A% N N i
N4 0 & @ 4@ S P D N =\
N & S > S o > N o & o
> o & > @ & N Y \\Q,Q A& @ qprb

Q
. - ((\ O .. QQ» ((\ ‘(‘ Q N <. ] e.\
%00 %OO(\ %®®\ % '\(\e %Q %Q\Q %%Qb\ %%\.‘" %@QQ %906\ %«'Z}Q %«(\‘Q) %«$® % $&® %$\<\& %46&

2,

g__Actinomyces | X
g__Candidatus_Metachlamydia | x
g__Aerococcus | X
g__Lactobacillus | X X x X X X
g__Brachybacterium ] X
g__Polynucleobacter | x
g__Oerskovia | X X X X X
g__Hydrogenophilus | x x x x X x X X X
g__Rikenellaceae_RC9_gut_group | X X M X X X X X X X
g__Granulicatella ] X % X X
f__Halomonadaceae; g_ HdN1 | x x x| | x
o__Rickettsiales; g__AB1 | x x X x
g__Methylotenera | X % X X
g__Perlucidibaca | x x X X
g__Deinococcus | X X x X
g__Yersinia { x % X X
g__Panacagrimonas | x x M X
g__Veillonella | X X X X
g_AhnieIIa i X X X X X X
g__Tsukamurella | x x x X X X X
f__Longimicrobiaceae; g_ YC-ZSS-LKJ147 | X X
g__Clostridium_sensu_stricto_13 |
g__Turneriella |
¢__Anaerolineae; g_ SBR1031 |
f__Simkaniaceae; g__Ga0074140 |
g__Candidatus_Alysiosphaera ] X X
g__Psychrobacter | % %
g__Lactococcus | x X
g__Polyangium ] % x
p__Actinobacteriota; g_ MB-A2-108 ] x X
g__Aneurinibacillus ] X X X X X X X
f__Marinilabiliaceae; g__[Cytophaga] _xylanolytica_group | x x
g__Flectobacillus ] x X
g__Ferruginibacter | X
g__Adhaeribacter | x
f__Saccharimonadaceae; g_ TM7a | * x x
X
X

X XXX
X
X
X
X

X
X
X
x
X
X
X
x
x
X
X
X
X
X
X
X

% X X x
X
X
X
X o XX X % oy x
X
X x
X X X X
x X X x x X X x x X x
X
<
X
X
X x X
X
X x x
x % XXX X XXX
X XX X X XX XX
X
X X
< X
XX ox %
X
x X
X
X
X
X
X
X

x
X
XX XX X XX
X
X
X
%
X
x
x

X X X.x . X
X

c__Actinobacteria; g__PeM15 |
g__Aquimonas |
g__Hyphomonas | x x

g__Raineya | X X %
g__Clostridium_sensu_stricto_3 { x x| x x % x % % % % N % y

X X

X X

XX XX XXX XX
X X X x
X
x Xox. X
s XX XX
X
X
X
X X X x

X
x

g__Chitinophaga | X
g__Fontimonas | «
g__Brevibacterium | x X x| | x
g__Ensifer ] x X x X
g__Vermiphilaceae | « X X X X % X X X X K
g__Pseudarthrobacter ]
g__Cloacibacterium | X x x x x M x X
g__Williamsia | x X X
g__Rubrivirga |

X

X
X X x x

X

X
X
X
X
X
x
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X X X X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X
X

X
x X X

X
X
X
04 x x X x
X
X

-600
—400 4
200 4
200
-100 4
100
200 1
-500
—250 1
—250 o
250 A
500
—-300
—200 x
-100 1
100
200 A
400
—2001 x
200 A
100
-2004 %
200 1
—-200 1
-100 4
04 x
100
—-300
-2004 >
-100 4
100
-300
—2004{ % *
-100 4
0
1004
-600
—400 4
200 4
200
~100 4
X
100
-600{ ¥
~400 4
200 4
—~200 4
200 1
—~200
-100 1
100

Covariates










image9.emf
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
0__Saccharimonadales; g__ TM7 |
g__Peptoniphilus |
p__Gemmatimonadota; g_S0134_terrestrial_group {
g__Neisseria {

g__Desulfosporosinus
g__Nitrosomonas

g__Microvirga
¢__Gammaproteobacteria; g_ R7C24 1
g__Sphingobacterium 4
o__Gammaproteobacteria_Incertae_Sedis; f__Unknown_Family {
g__Bacteroides |

g__Porphyromonas 4
c__Phycisphaerae; g__mle1-8 |
g__Polaromonas 1

g__Variovorax 4

g__Ohtaekwangia

g__Exiguobacterium

g__Alkanibacter 4
g__IMCC26256
g__Chryseolinea 4
o__Flavobacteriales; g__NS9_marine_group 1
g__Lysobacter {
g__Rubrobacter 1
g__Pantoea -
g__Conexibacter -
g__Piscicoccus 1
g__Aeromicrobium 1
g__Scleromitrula
g__Phaselicystis

g__Parabacteroides

x X

X XXX

XX XXX

X X X X x x X

X X X X x -X XXXXXXXXX

XXX x x. X

X

XXX X

X X

X

XX XX XX

X
XoX g XXX XXX X XXX

XXX XXX K XX X XXX

04X

X XXy

X

) XX X%

04

X X %% X X

-400
1001
—1001

-200
-100 1
04X
100 1

200 1
—100

04 %
1001

200

1001
200
-3001
—200 1
—1001

01 x

100 4
-100{ %

04
100 A

Covariates

—2001
—1001

200 1
-100

04
100 A

200 1
300 1
-1504
—1001

0qx X
50 -

-50 1
-400

-300 1
—200
-100 1

100
—100 1

0.
1004
200 1

=150 %

—-100 1
~50

-3001
—200 1
-1001 x
100
—200 1











image10.emf
)
& @

& &
Q' @0

& R

o «®
QT T P

R

X X X X X X

g__Mucilaginibacter X X
X X X X X X

g__Abditibacterium X
g__Geminicoccus X
o__Myxococcales; g__27F-1492R
c__Gammaproteobacteria; g_ 211ds20 X X
g__Dokdonella x X X
g__Amaricoccus X
g__Terrabacter X X X
g__Haliscomenobacter x X X X x
g__Quadrisphaera X X x K -
g__Pseudorhodoferax X X
g__Pseudolabrys { x x X X x
g__Blastocatella X X X
g__Edaphobaculum X x X
g__Comamonas { x X X
g__Microlunatus X P X
g__Dolosigranulum X X X
g__Sphingobium X X X X X X X X
g__Candidatus_Megaira X X
g__Ellin6067 X X X
g__Thermoanaerobacterium x x
g__Trichococcus X X X
f__Acidithiobacillaceae; g__ KCM-B-112 X
g__Dietzia X X X X x x
g__Delftia X X X X %4
g__Asticcacaulis X X X X X X X
g__Paenarthrobacter x X X X X X
g__Shewanella X X X X X X X X X X
g__Truepera x X X X X X
g__Rhodococcus X X X X
g__Micropruina X X x X
g__Terrimicrobium X X X X
f__Microtrichaceae; g__IMCC26207 X X X X
g__Rhizomicrobium X X X x x X X
p__Planctomycetota; g__Pla4_lineage { x X X X
f__Beijerinckiaceae; g__alphal_cluster X X x X X X
g__Rothia X X X X x X
g__Dadabacteriales { x X X X X X
g__Streptomyces X X x x
g__Enterobacter X X X X X X X X X X
g__Coprococcus X X X X £
g__Serratia {x x x x x
g__Paenisporosarcina X X X X X X X X X
g__Pseudoduganella X x X X X X X
g__Saccharibacillus X x
g__Silanimonas
g__Marmoricola x
g__Azospira X
g__Noviherbaspirillum
g__Actinomycetospora

X X XX
X
X
X

X
X
X
X
X
X
X
X
X

x X
XXX x - XX
X
X
X

X
X
X

X
X
X
X
X
x
X

X- K- xg - XX
X
X
X
X
X
X
X

XX XX
X
X
X
X

X
X
XXX X XXX

X XX X X %

X
X
XX .x X

X
X
X
X
X
X %
X

XX

X X

ofx
X
o{x x X

X%

X X - X
X X

X

XX XX g XXX

X. % .x X

0qx X

(=] o © 0O
o0

X
04 x x X X X
X
X
X
X

0
1004 %

-100
1001
_60.
—404
_20.

o o
n

0.
1004 >
50
1001
-100
_50.
1001
200
-100
0

Scoo
o O O
oY
Covariates

0.)(
1004
-50

04 x
501
100+
—300
—200
—100
0.

100X
—100
_50.
—100
—100

o o
o O
T

—300
—200
—100
—300
—200
—100
—100
X
1004
-100
100 4
200
—300
—200
—100
—100

—100
100










image11.emf
X
X
X
X
X
X
X
X

g__Candidatus_Woesebacteria |
g__Sulfuritortus | X X X X X X X X X X X X X X X
g__Cellulomonas, { % * x x x x x x x x »
o__Chthoniobacterales; g_ 01D2Z36 X x x x x x x x X x| x
g__Gordonia | X
g__Pseudohongiella { X X X
g__Cellulosimicrobium { x
f__Methylophilaceae; g__UBA6140, | x
¢__Dehalococcoidia; g__S085, { X X
g__Azoarcus, X X X
g__Roseococcus; - x X
g__Polycyclovorans | x x
¢__Anaerolineae; g_ SJA-15, 4 X
g__Sandaracinus, { x
g__PAUC34f: x
g__Craurococcus—Caldovatus; { X
g__Alishewanella | X X X
X
X
X

X
X
X
X
X
X
X
X
X
X
x XX X x

X X X%

g__Sumerlaea
g__Luteimonas; {
g__Blastomonas; {
g__Candidatus_Finniella { X X X
g__Phoma 1 x
g__Kineosporia { x
g__Alkanindiges;
g__Pseudonocardia - X
g__Siphonobacter- X
g__Alcanivorax X
g__Ferrovibrio 4 X
o__Polyangiales; g__Blrii41 1 x
X
X
X
X
X

XX XX
X
X
X
X X.x.X
X
X
X
X
X XXX X XX X x

X

X
X
X
X
X
X
X
X
X
X
X
X
x
X
XX XXX XX

X
X
XX
X X

X
X
X

g__Solirubrobacter-

o__Tepidisphaerales; g_ WD2101_soil_group -

g_ Cnuella {

g__Ascochyta |

f__Chloroflexaceae; g_ FFCH7168. {

g_ Luteibacter-{ x X X X X X

g__Aliihoeflea { X X X

g__Prosthecobacter x x P x x x X

g_GemeIIav- X X X X X X X X

g__Persicitalea - X X X X X X X
f__Puniceicoccaceae; g__Verruc-01 X X X X o X X

g__Lawsonella { X x x x x || x x| ix x X X X x X

c__Anaerolineae; g_ RBG-13-54-9 4 X X x X x x x x X x x x

g__Pseudarcobacter{ x *
g__Candidatus_Paracaedibacter - X X X

g__Blastococcus; 4 X o x
g__Pseudactinotalea. X X X

g__Luteolibacter- % *

g__Pseudoxanthomonas; 4 x x x

g__Ketobacter-{ X
g__Uliginosibacterium 1 X

><)()()(

X
X XXX
Xox Xox % X
X

x. X.x X
X% % X x
X

X
x
X
x X oxox. % XX x
X
x
x
x
X

XXX
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

x

X
X

X
O_Xxxxxxx

04X x
50 1

01x

—-300
—200
—100 1
—-150 1
—100 1
-50 1
0
50
-50 1
04X
501
1004 X
~50
04 % X x % X
501
—200
—100 1
04y X x %
50
50 1
100 A
-150 1
25
50
100 A
-50 1
150 A
0
501
—-300 1
—200
—100 1
-30-
—100 1
100 A
—-100 1
~50










image12.emf
A% R 2
& €& e & A
D R = s 2 A\ > N & &
@ & N O @ N ¢ & o R & Q ~
& S ¢® & @0& ° & & s $° &A@ N ° & A& NG
& & o o N ~ & N\ & & - Q@ < : v
> 3 N e & : N & Q& ) Q &
%\?g %@\0 %00 %Oo Qe@fb Q? & %Qo %Q« %%ca %%d- QQO_,Q o> <2 %«K\ Qe,@ % N % \ %@
g__Morganella 4 X X X X X X X X X X X X X X > <
gispirosoma E X X X X X X X X X X X X —— X X
g__Inhella K X X X X KX X X X X X X X X
g__Planctomicrobium { x X X X 3 X KX KX X X X *
g__Altererythrobacter - x X X x X X X x x X X X X X X X X
giHerpetosiphon E X X X X x| | X X X X X X > X X
g__Oikopleura { X X X X X x X x x X X x x * x x
g__Gemmatimonas 4 X X X X X X X X X X X X X » X
gioligoﬂexus 1 X X X X X X X X X X X X X X X X X X
g__Prevotella { X x X X X X x X X x X X x X X X X
g__Xylophilus 4 X X X X X X X X X X X X X x X
g__Rathayibacter - X X X X X X X X X X X X X X X X X X
g__Vampirovibrionales {  x X X x x| K X X X B X X | x x o > X X
g__Candidatus_Levybacteria X X X X X X X X X X X X X X x > X
o__Burkholderiales; g__SC-1-84 { X X X X X X X X X X X X X x X X
g__Saccharimonadales * X X * X X X X X X X * X
g__Segetibacter | X X X X X X X X X x X —— x
g__Burkholderia-Caballeronia—Paraburkholderia 4 x x X x x X x X x X X X x x > X x
g__Klenkia 1 x X X 3 x x X x x X x X x x X x x I
g__Apibacter X X X X X X X X X X X X X X X
g__Bauldia X X X X X x X X X X X x x x % x x
giRhodocytophaga E X X X X X X X X X X X X X X X X X
g__Pelagibacterium { X X X X X X X X X X X X X X X X
g__Thermomonas - X X X X X X X X X X x| K X X X X X
g__Chthonomonas X X X X X X X X X X x X X
c__Gammaproteobacteria; g_ JTB23 x X x x X X X X X x x x X * x x
g__Berkelbacteria X X X X X X X X X X X X X X X >* X X
o__Chlamydiales; g__cvE6 1 X X X X X X X X X X X X X X X % X
g__Candidatus_Nomurabacteria - X x x x x x x x x x x x x x x * x
f__Thermoanaerobaculaceae; g__Subgroup_10 4 x X X x X X X X X X x X x x * x X
f__Pyrinomonadaceae; g__RB41 { x X X X X X X X X X x X X X X > X
g__Aurantisolimonas - X X X X X X X X X X X X X * X - X
f__Saprospiraceae; g__OLBS x X X X x X X x X X X x x x x X
g__Tuberibacillus - X x x X X X X x x x X x > X x
g__Falsirhodobacter X X X X X X X X X X X X X X X — X X
c¢__Gammaproteobacteria; g_ PLTA13 { X X X X X X X X X X X X X X x > X X
g__Skermanella 4 X X X X X X X X X X X X X X X »* X X
g__Methylocystis 1 x X 3 X X X X X X X X X X X — X X
g__Aquicella{ x X x X X X X X X X X X X X X * X X
g__Nakamurella - X X X X X X X X X X X X X > X X
g__Chthoniobacter - X X X x x x % X x X X X X —— X X
g__Armatimonadales X X X X X X X X X X X X X X X X X X
g__Mrakiaceae X X X % X X X X X X * X
g__Dermatophilaceae - X X X X X X X X X X X || x X X X X X X
f__Phycisphaeraceae; g__CL500-3 b X X X X X X x X X X X x
g__Shinella 1 x x x x x X x >
g__Oscillochloris 1 x X X X X X x X X X x x X > b3
p__Planctomycetota; g_ BD7-11 A X X X X X X X X * X
giﬂoseateles E X X X X X X X X X X P P » X
giMoraxella L X X X X X X X X X X X X X X X X
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g__Fluviicola

f__Myxococcaceae; g_ P30B-42 4
g__Elsteraceae
g__Pedosphaeraceae.
p__Planctomycetota; g__ vadinHA49 {
g__Leptospira 4

g__Micromonospora.

g__Schlesneria. 4

g__ Opitutus, 4

g__Thalassobaculum
c__Gammaproteobacteria; g_Ga0077536.
f__Pedosphaeraceae; g_ SH3-11 1
g__Tundrisphaera. 4

g__Bryobacter:
g__Candidatus_Azambacteria
g__Haliangium -
g__Obscuribacteraceae -
g__Rurimicrobium A

g__Cavicella |
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g__Tepidimonas, 4

p__Chloroflexi; g_ JG30-KF-CM66 -
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o__Sphingobacteriales; g_ AKYH767" {
g__Rhodoferax -
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g__Bacteriovorax:
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g__Immundisolibacter-
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f__Nitrosomonadaceae; g_ MND1
c__Desulfuromonadia; g__PB19 4
g__llumatobacter-

g__Motilibacter-
g__Candidatus_Berkiella 4
p__Gemmatimonadota; g_ BD2-11_terrestrial_group.
p__Elusimicrobiota; g__Lineage_llc: {
g__Flavobacterium

g__Labrys -

c__Phycisphaerae; g_ S-70 1
g__Taibaiella -

o__Thermomicrobiales; g_ JG30-KF-CM45 1
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g__Magnetospira 4
f__Pedosphaeraceae; g_ DEV114
p__Myxococcota; g__bacteriap25 4
p__Planctomycetota; g OM190 -
o__Rickettsiales; g_ SM2D12 -
g__Tolumonas A
f__Phycisphaeraceae; g_ SM1A02 1
o__Oscillospirales; g_ UCG-010 -
f__Nitrosomonadaceae; g GOUTAG6 -
g__Microbacterium
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g__Candidatus_Protochlamydia
0__Sphingobacteriales; g_ KD3-93
f__Nitrosomonadaceae; g_ DSSD61
g__ Cytophaga

g__Porticoccus
g__Candidatus_Solibacter:
g__Hydrogenedensaceae 1
g__Neochlamydia
c__Phycisphaerae; g CCM11a
g__Candidatus_Ovatusbacter
o__Sphingobacteriales; g__env.OPS_17
g__Enhydrobacter
f__Bdellovibrionaceae; g_ OM27_clade -
g__Sulfuricella 4

g__Taonella 1

f__Pedosphaeraceae; g__Ellin517
__Azospirillum

o__Kallotenuales; g__ AKIW781
g__Lacunisphaera
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g__Proteus

g_ Weissella

g__Rheinheimera -

f__Pirellulaceae; g__Pir4_lineage -
c__Alphaproteobacteria; g_ AT-s3-44 4
c__Alphaproteobacteria; g_ NRL2 -
c__Polyangia; g__mle1-27 |
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g__Rhodopseudomonas | % X X x X X x X
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g__Caulobacter | % % % X X X *
g__Gemmata | < x x x N X
g__Rhizorhapis | N x < x x x| X X X
g__Roseomonas | % x X X X X %
g__Fimbriiglobus | % s % x x * x
g__Duganella | X X X X X
g__Cellvibrio |
f__Rubinisphaeraceae; g__ SH-PL14 | : xx 8 8 t * x ) >>(< % x g
g__Sediminibacterium | % % X x x > x
g__Devosia |
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g__Sanguibacter | % % x X x x| |x X X
g__Luteitalea [ % % X x X x
g_C‘MithonphiIus 1 « x X x x X X X * X
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g__Sphingomonas - x x x x
g__Escherichia-Shigella 4 X X X X X % X
g__Azohydromonas X X x| % X X X »* X X
o__Solirubrobacterales; g_ 67-14 1 X X X x X X X X X X
g__Rhizobacter 4 X x %
g_ Nevskia{ x X X x X o | x X x X
g__Nesterenkonia 4 X X X X X X X X X X X
g__Sideroxydans 4 X X * X * X >
g__Porphyrobacter x X x| K x X x % % x
Others x X X X X x x x x x
g__Acinetobacter 4 X X X X X X X X X *
g__Novosphingobium x X x *
g__uncultured X X X X X X X x x x
g__Nitrospira | X X X X X X X X X X X X
f__Hyphomonadaceae; g_ SWB02 X X X X X X X X X X X *
g__Hyphomicrobium X X X x x
g__Gallionella { x X X X X X X »
g__Bdellovibrio 4 X X X X X X X
g__Pedomicrobium X % X X X X X x x
f__Nitrosomonadaceae; g_ 1S-44 { x x x x x x
g__Peredibacter - X X X X X X
g_ Bosea X X X X X X X
g__Kineococcus > x x % | K x| X x * x x
g__Reyranella X X X X X
g__Legionella X X X X X X X X
g__Amphiplicatus - X X X X X X X X X X
g__Dongia X X X X x X
g__Massilia 1 > X X
g__Vogesella X X X x| X X X X
g__Planctopirus 1 X X X
g__Pseudomonas x X X X x x
g__Paracoccus 1 x X X X X X * X X
g__Cutibacterium 4 X X X X X X
g__Phenylobacterium - X X X X X
g__Brevundimonas x X X
o__Burkholderiales; g__ TRA3-20 1 X X X X X
g__Paludibaculum 4 X b3 X X X X X X X
c__Anaerolineae; g__A4b 1 X X X x x x x x x * x %
g__Bradyrhizobium X X X X X X
g__Fimbriimonadaceae { x X X X X x| [x X X X X
g__Mesorhizobium A »* * > % > %
c__Oligoflexia; g_ 0319-6G20 X X X X x X X X
g__lamia - X x X x x X X X X
g__Chlorophyceae X X X X X X X X X X
p__Chloroflexi; g__ OLB144 x X X X x| x X X X Kk
g__Candidatus_Kaiserbacteria X X X X x x X >
g__Mycobacterium A X X X X X *
g__Rhodobacter 1 X x X x x %
f__Nitrosomonadaceae; g__0c32 1 X X X X x x X X * X
g__Curvibacter - X X > X X X X X X * X
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g__Geobacillus < < N < ” X 4 [ x X
f__Cryomorphaceae; g__NS10_marine_group | X X X x X X X X X X
g__Geothrix L ” X | % X X X X A
c__Gammaproteobacteria; g__EC3 | X X X X X > X X X x
g__Modestobacter | X X X e K X X N K x
o__Rhizobiales; giAmb—1_68—1323 i x x X X X X X X X X
g__Latescibacterota >< X x x x| [x x X x
g__Anaerospora X x x X X X X X X X
g__Ferritrophicum J X X X X Y X X X X X
g__Candidatus_Tenderia J X x X X X X X X X X
g__Schlegelella 4 X x| k x x X K X x
g__Inquilinus 1 x X x X X X X X X K
o__lIgnavibacteriales; g_ SR-FBR-L83 X X X X X[ x X X X
g__Hymenobacter X X X X X X
g__Methyloversatilis 4 X X X X X X X X X
c__Gammaproteobacteria; g_ CHAB-XI-27 X X X X % X X X X X
g__Larkinella 4 X X X X X X
g__Corynebacterium x X X X X bl X X
g__Streptococcus X X X X X X X X
g__Bacillus X X X X b X X X X X
g__Candidatus_Adlerbacteria 4 X X X x X X X X X
g__FCPU426 4 x X X X X X X X X X
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g__Staphylococcus - X X X X X X
g__Flavisolibacter - X X X X X X X X X X
g__Rhodopila X X X X X X X X X X
g__Sulfuritalea 4 X X X X X X X X X X
g__Phreatobacter X X X
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UBISYN-PWY: superpathway of ubiquinol-8 biosynthesis (early decarboxylation) |1 0i5S

ANAEROFRUCAT-PWY: homolactic fermentation eyt 5

PWY-6612: superpathway of tetrahydrofolate biosynthesis |INOI07

PWY-6876: isopropanol biosynthesis (engineered) 0103

ENTBACSYN-PWY: enterobactin biosynthesis [Jioi03

POLYAMSYN-PWY: superpathway of polyamine biosynthesis | [JJi0I03

16S rRNA PICRUSt2 - MetaCyc

months

WT

PWY-7398: coumarins biosynthesis (engineered) [J0I02
PWY-7046: 4-coumarate degradation (anaerobic) 0102

tryptophan degradation IX @102

PWY-5971: palmitate biosynthesis Il (type Il fatty acid synthase) [J0I02

GLYCOLYSIS-TCA-GLYOX-BYPASS: superpathway of glycolysis, pyruvate dehydrogenase, TCA, and glyoxylate bypass [J0102

PWY-5655: L
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negative

PWY-5647: 2-nitrobenzoate degradation | @01

Y-6505: L-tryptophan degradation XII (Geobacillus) 9101
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0 PWY-7024: superpathway of the 3-hydroxypropanoate cycle
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CRNFORCAT-PWY: creatinine degradation | @01
P42-PWY: incomplete reductive TCA cycle §
P23-PWY: reductive TCA cycle 10
PWY-6703: reductive TCA cycle | 0
GLYCOLYSIS-E-D: superpathway of glycolysis and the Entner-Doudoroff pathway 0

dideoxy-a-D-mannuronate biosynthesis
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0 PWY-5529: superpathway of bacteriochlorophyll a biosynthesis

0 PWY490-3: nitrate reduction VI (assimilatory)
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-41: allantoin degradation IV (anaerobic)
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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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P108-PWY: pyruvate fermentation to propanoate |

PWY-7200: superpathway of pyrimidine deoxyribonucleoside salvage
POLYAMINSYNS3-PWY: superpathway of polyamine biosynthesis Il

A

3

PWY-6478: GDP-D-glycero-a-D-manno-heptose biosynthesis
PWY0-1297: superpathway of purine deoxyribonucleosides degradation g3

2

PWY-7644: heparin degradation o2

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

TEICHOICACID:

16S rBRNA PICRUSt2-MetaCyc

months

BC

PWY-6572: chondroitin sulfate degradation | (bacterial) 0101

PWY-6906: chitin derivatives degradation @1

Q01

P341-PWY: glycolysis V (Pyrococcus)

PWY-5532: nucleoside and nucleotide degradation (archaea)

positive

negative

1

CENTFERM-PWY: pyruvate fermentation to butanoate @01

PWY-6590: superpathway of Clostridium acetobutylicum acidogenic fermentation g1

PWY-7196: superpathway of pyrimidine ribonucleosides salvage o1

PWYO0-162: superpathway of pyrimidine ribonucleotides de novo biosynthesis 01

PWY-7024: superpathway of the 3-hydroxypropanoate cycle

RUMP-PWY: formaldehyde oxidation |

0

0

0
_0.1
_0.]
_0.1
_0.1
_0-
_O-

-0smm

PWY-7456: -(1,4)-mannan degradation 0

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

PWY-5743: 3-hydroxypropanoate cycle

PWY-5744: glyoxylate assimilation

1.p=248-13

A=

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

o o
[

125

100

SYIUo

B o5 o
predictions

025

-050

PWY-5419: catechol degradation to 2-hydroxypentadienoate Il

PWY-5529: superpathway of bacteriochlorophyll a biosynthesis

-0

RO SALY

O PWY-6353: purine nucleotides degradation If (aerobic)

ADEHYPOX-PWY: adenosine nucleotides degradation Il

-0

-0.25

B coefficients
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−0.45

−0.26

−0.12

−0.03

−0.03

−0.03

−0.02

−0.02

−0.01

−0.01

−0.01

−0.01

0

0

0

0

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.02

0.02

0.03

0.03

0.12

0.26

0.44

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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