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Table S1. Investigated wastewater treatment plants.  
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2   40,000   48,700* 23,500 8-10 M, C, N, P 500/45 54/26 10/1.0 
3   23,000 13,600 10,800 22-57 M, C, N, D, P 560/20 54/12 9/0.4 
4 140,000 44,000 30,800 13 M, C, N, D, P 460/14 45/9 4/0.3 

 

Abbreviations: *overloaded WWTP, **Annual mean values, *** Annual mean chemical oxygen demand (COD) load (kg/a) 
divided by a COD load per person of 110 g COD/d; TN: Total Nitrogen; TP: Total Phosphorus; In, influent; Ef, effluent; M, 
primary treatment: mechanical treatment step; C, secondary treatment: biological carbon removal; tertiary treatment: nutrient 
removal including nitrification (N), denitrification (D) and phosphorus removal (P)  



Analysis of chemophysical parameters. The chemical oxygen demand was measured as 

described in DIN 38409-43 (1). Total phosphorus and total nitrogen were investigated with a 

Merck 500 microwave + SKALAR segment flow analyzer (Skalar, Netherlands) according to 

the ISO standards (2, 3). 

Next Generation Sequencing (NGS). The DNA extracts (n = 16) of the one representative 

microcosm series from the WWTP2 effluent, which was chosen for additional 16S rDNA 454 

pyrosequencing analysis, were used as templates in PCR to amplify the variable regions V1-

V2 of the 16S rRNA gene for 25 cycles. All reactions were run in triplicate with the bacterial 

specific primers S-D-Bact-0008-a-S-20 (5´-AGAGTTTGATCCTGGCTCAG-3´, as described 

by Edwards et al. (4), and S-D-Bact-0338-a-A-19 (5´-TGCTGCCTCCCGTAGGAGT-3´, as 

described by Etchebehere and Tiedje (5), the latter equipped with a distinct 12-nucleotide 

error-correcting Golay barcode for each extract as a multiplex tag (6-8). The nomenclature for 

the PCR primers was standardized according to Alm et al. (9). The sample amplicons (n = 16) 

were purified, pooled in equimolar amounts and sent to Selah Clinical Genomic Center, 

formerly EnGenCore (Columbia, SC, USA) for 454 pyrosequencing (titanium chemistry). 

 

Bioinformatics Sequence analysis was done using the software package Quantitative Insights 

Into Microbial Ecology, QIIME (10). Raw sequences (n = 214,978) were quality filtered and 

assigned to the samples according to their barcodes. The flowgrams were denoised to reduce 

sequencing noise (11). After removing the primers, chimeric sequences identified by de novo 

(abundance based) and reference based chimera detection with UCHIME were filtered out 

(12, 13). Remaining sequences (n = 185,374) were binned into Operational Taxonomic Units 

(OTUs) using USEARCH, with a minimum pairwise identity of 97 % (13). Greengenes OTUs 

(97 %; version May 2013) were specified as a reference database at the previous two steps 

(14). Rare OTUs represented by less than four sequences were filtered out, leading to 182,914 

remaining sequences for further analysis.. The most abundant sequence in each OTU was 

chosen as a representative and aligned using PyNAST (15) and the Greengenes reference 

alignment (14) trimmed to the V1-V2 region of the 16S rRNA gene (16) with a minimum 

percent identity of 75 %. The hypervariable regions were filtered out with the V1-V2 trimmed 

version of the lanemask and a phylogenetic tree was constructed using FastTree (17). 

Taxonomy was assigned with the Ribosomal Database Project (RDP) classifier (18) with a 

minimum confidence of 80 % and the greengenes taxonomy of May 2013 (19). The 

sequences assigned to the phylum Bacteroidetes were filtered out. Subsequently, 515 

Bacteroidetes sequences (i.e. smallest number of taxon-specific sequences per sample) were 



randomly selected from each sample for further analyses (rarefaction). To compare the 

diversity within this taxon between the samples, we calculated the unweighted UniFrac 

distance metric (20) for the phylum Bacteroidetes and clustered the resulting metric using 

principle coordinate analysis to visualise the phylogenetic relatedness of these communities. 

Sequence data from this project is available in the Sequence Read Archive of the National 

Center for Biotechnology Information under the study accession number SRP059025. 
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