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ABSTRACT Enhanced biological phosphorus removal (EBPR) is an economically and
environmentally significant wastewater treatment process for removing excess phos-
phorus by harnessing the metabolic physiologies of enriched microbial communities.
We present a genome-resolved metagenomic data set consisting of 86 metage-
nome-assembled genome sequences from a photosynthetically operated lab-scale
bioreactor simulating EBPR.

photobioreactor performing light-supported enhanced biological phosphorus removal

(EBPR) was seeded from two lab-scale wastewater treatment systems, a photosynthetic
nitrifying enrichment culture and an activated sludge EBPR bioreactor designed to enrich for
the polyphosphate-accumulating organism “Candidatus Accumulibacter phosphatis” (1, 2).
The photobioreactor was designed to achieve phosphorus removal and denitrification with-
out the addition of mechanical aeration by providing light (2). Three samples were collected
during cycles 87, 103, and 129. DNA was extracted as described (2), and 100 ng of DNA was
sheared to 300 bp using the Covaris LE220 ultrasonicator and size selected with solid-phase
reversible immobilization (SPRI) beads (Beckman Coulter). The fragments were ligated with
end repair, A-tailing, and lllumina-compatible adapters (IDT, Inc)) using the KAPA-lllumina
library preparation kit (Kapa Biosystems). The libraries were quantified using the Kapa
Biosystems next-generation sequencing library quantitative PCR (qPCR) kit and run on a
Roche LightCycler 480 real-time PCR instrument. The quantified libraries were prepared
using the v4 TruSeq paired-end cluster kit and the lllumina cBot instrument to create a clus-
tered flow cell for sequencing. Shotgun metagenomic sequencing was performed on the
lllumina HiSeq 2500 platform with the TruSeq sequencing-by-synthesis (SBS) sequencing kit,
followed by 2 x 150-bp indexing. All metagenomic libraries consist of approximately 50 mil-
lion 150-bp paired-end reads (table of metagenome information available at https://doi.org/
10.6084/m9 figshare.14164307).

Default parameters were used for all software unless otherwise specified. The
raw metagenomic reads were quality filtered and trimmed using bbduk as part of
the BBTools v38.07 suite (3). All three metagenomic samples were coassembled and
individually assembled into contigs using SPAdes v3.9.0 with the metagenomic
option (4). Metagenomic reads from each sample were mapped against all assem-
blies using BBMap as part of the BBTools v38.07 suite with a 95% sequence identity
cutoff (3). The assembled contigs from each assembly were binned into population
genomes using MetaBAT2 v2.12.1 using only contigs larger than 1,000 bp (5). The
bins were dereplicated using dRep v2.4.2 (6) to obtain the highest-quality represen-
tative set of genomes. This resulted in a total of 86 nonredundant species-resolved
genome sequences, described in Table 1 and summarized in Fig. 1. All genome
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https://www.ncbi.nlm.nih.gov/assembly/GCA_017303755.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059849
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBS000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303695.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059851
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBU000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302895.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059852
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBV000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302885.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059853
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBW000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303675.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059854
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBX000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302855.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059855
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBY000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303715.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059856
https://www.ncbi.nlm.nih.gov/nuccore/JAFLBZ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302875.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059857
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCA000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302795.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059858
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCB000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302835.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059859
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCC000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302715.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059860
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCD000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303655.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059861
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCE000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303735.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059862
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCF000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303775.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059864
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCH000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303635.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059863
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCG000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017304075.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059865
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCI000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302695.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059866
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCJ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://mra.asm.org
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https://www.ncbi.nlm.nih.gov/assembly/GCA_017303615.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059867
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCK000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303575.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059868
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCL000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303565.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059869
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCM000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303555.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059870
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCN000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303535.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059871
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCO000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303505.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059872
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCP000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302815.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059873
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCQ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302755.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059874
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCR000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302335.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059876
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCT000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302105.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059875
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCS000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303355.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059877
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCU000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303435.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059878
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCV000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302165.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059879
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCW000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302635.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059880
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCX000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017303485.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059881
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCY000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302665.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059882
https://www.ncbi.nlm.nih.gov/nuccore/JAFLCZ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://mra.asm.org
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https://www.ncbi.nlm.nih.gov/assembly/GCA_017302595.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059883
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDA000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302775.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059885
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDC000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302615.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059884
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDB000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302575.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059886
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDD000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302655.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059887
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDE000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302725.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059888
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDF000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302495.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059889
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDG000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302505.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059890
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDH000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302485.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059891
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDI000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302475.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059892
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDJ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302555.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059893
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDK000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302435.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059894
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDL000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302415.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059895
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDM000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://mra.asm.org
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https://www.ncbi.nlm.nih.gov/assembly/GCA_017302385.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059898
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDP000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302345.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059896
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDN000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302455.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059897
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDO000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302355.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059899
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDQ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302275.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059900
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDR000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302295.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059901
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDS000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017309145.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059903
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDU000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302315.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059902
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDT000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302255.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059904
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDV000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302205.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059905
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDW000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302215.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059906
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDX000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302155.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059907
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDY000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/assembly/GCA_017302135.1/
https://www.ncbi.nlm.nih.gov/biosample/SAMN18059908
https://www.ncbi.nlm.nih.gov/nuccore/JAFLDZ000000000
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://mra.asm.org
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FIG 1 Overview of reactor performance and assembled MAGs. (A) Proportions of nitrogen (blue) and phosphorus (purple) removed during reactor
operation. Cycle length refers to the hydraulic residence time of 0.625 days (2). The reactor was operated in two phases—in the first phase (gray), light was
cycled on and off, and in the second phase (white), light was provided continuously. The arrows denote the time points at which metagenomic
sequencing was performed. (B) Phylogenetic tree of all 86 assembled MAGs constructed from a concatenated alignment of 120 single-copy marker genes
from GTDB-tk v0.3.2 (9) that were identified and aligned using HMMER v3.2.1 (11). The tree was constructed using RAXML v8.2.12 with 100 rapid bootstraps
(12) and viewed using iTOL v5.7 (13). (C) Relative abundance and population dynamics of abundant species represented by assembled MAGs. The bar
graph represents the average relative abundance of the top 30 most abundant species across all three samples. Relative abundance calculations were
made using coverM v0.4.0 with the relative_abundance method and averaged across all three samples. The inset heat map shows the population dynamics
of the top 10 most abundant species, representing the relative abundance of that MAG in that sample.

sequences were checked for uniform differential coverage using uBin v0.9.14 (7). All genome
statistics were calculated with CheckM v1.1.2 (8). Taxonomical classifications were made
based on the Genome Taxonomy Database (GTDB) using GTDB-Tk v0.3.2 (9, 10). Relative
abundance calculations were performed with coverM v0.4.0 using the relative_abundance
calculation method. The methods and phylogenetic tree for assigning clades of six “Ca.
Accumulibacter phosphatis” draft genome sequences based on the ppk1 locus are available
at https://doi.org/10.6084/m9.figshare.14164478.

Data availability. The raw metagenomes for the 3 samples and genome assemblies
for all 86 metagenome-assembled genomes (MAGs) are available at NCBI GenBank
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under BioProject accession number PRINA704939. The metagenomes are available
under the SRA accession numbers SRR13786854, SRR13786855, and SRR13786856.
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