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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.

Aphotobioreactor 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 100ng of DNA was
sheared to 300bp 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 Illumina-compatible adapters (IDT, Inc.) using the KAPA-Illumina
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 Illumina cBot instrument to create a clus-
tered flow cell for sequencing. Shotgun metagenomic sequencing was performed on the
Illumina HiSeq 2500 platform with the TruSeq sequencing-by-synthesis (SBS) sequencing kit,
followed by 2� 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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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

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.
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under BioProject accession number PRJNA704939. The metagenomes are available
under the SRA accession numbers SRR13786854, SRR13786855, and SRR13786856.

ACKNOWLEDGMENTS
This work was supported by funding from the National Science Foundation (MCB-

1518130) to K.D.M. and D.R.N.
We thank the University of Wisconsin—Madison Biotechnology Center DNA

Sequencing Facility for Illumina sequencing services. This research was performed in
part using the Wisconsin Energy Institute computing cluster, which is supported by the
Great Lakes Bioenergy Research Center as part of the U.S. Department of Energy Office
of Science (DE-SC0018409).

REFERENCES
1. Martín HG, Ivanova N, Kunin V, Warnecke F, Barry KW, McHardy AC, Yeates

C, He S, Salamov AA, Szeto E, Dalin E, Putnam NH, Shapiro HJ, Pangilinan JL,
Rigoutsos I, Kyrpides NC, Blackall LL, McMahon KD, Hugenholtz P. 2006. Meta-
genomic analysis of two enhanced biological phosphorus removal (EBPR)
sludge communities. Nat Biotechnol 24:1263–1269. https://doi.org/10.1038/
nbt1247.

2. Oyserman BO, Martirano JM, Wipperfurth S, Owen BR, Noguera DR, McMahon
KD. 2017. Community assembly and ecology of activated sludge under photo-
synthetic feast-famine conditions. Environ Sci Technol 51:3165–3175. https://
doi.org/10.1021/acs.est.6b03976.

3. Bushnell B, Rood J, Singer E. 2017. BBMerge—accurate paired shotgun
read merging via overlap. PLoS One 12:e0185056. https://doi.org/10.1371/
journal.pone.0185056.

4. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS, Lesin
VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin AV, Vyahhi N,
Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new genome assem-
bly algorithm and its applications to single-cell sequencing. J Comput
Biol 19:455–477. https://doi.org/10.1089/cmb.2012.0021.

5. Kang DD, Froula J, Egan R, Wang Z. 2015. MetaBAT, an efficient tool for
accurately reconstructing single genomes from complex microbial com-
munities. PeerJ 3:e1165. https://doi.org/10.7717/peerj.1165.

6. Olm MR, Brown CT, Brooks B, Banfield JF. 2017. dRep: a tool for fast and
accurate genomic comparisons that enables improved genome recovery

from metagenomes through de-replication. ISME J 11:2864–2868. https://
doi.org/10.1038/ismej.2017.126.

7. Bornemann TLV, Esser SP, Stach TL, Burg T, Probst AJ. 2020. uBin—a man-
ual refining tool for metagenomic bins designed for educational pur-
poses. bioRxiv. https://doi.org/10.1101/2020.07.15.204776.

8. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.
CheckM: assessing the quality of microbial genomes recovered from iso-
lates, single cells, and metagenomes. Genome Res 25:1043–1055. https://
doi.org/10.1101/gr.186072.114.

9. Chaumeil P-A, Mussig AJ, Hugenholtz P, Parks DH. 2019. GTDB-Tk: a tool-
kit to classify genomes with the Genome Taxonomy Database. Bioinfor-
matics 36:1925–1927. https://doi.org/10.1093/bioinformatics/btz848.

10. Parks DH, Chuvochina M, Waite DW, Rinke C, Skarshewski A, Chaumeil P-
A, Hugenholtz P. 2018. A standardized bacterial taxonomy based on ge-
nome phylogeny substantially revises the tree of life. Nat Biotechnol
36:996–1004. https://doi.org/10.1038/nbt.4229.

11. Eddy SR. 2011. Accelerated profile HMM searches. PLoS Comput Biol 7:
e1002195. https://doi.org/10.1371/journal.pcbi.1002195.

12. Stamatakis A. 2014. The RAxML v8.0.X manual. https://cme.h-its.org/
exelixis/resource/download/NewManual.pdf.

13. Letunic I, Bork P. 2016. Interactive tree of life (iTOL) v3: an online tool for
the display and annotation of phylogenetic and other trees. Nucleic Acids
Res 44:W242–W245. https://doi.org/10.1093/nar/gkw290.

Microbiology Resource Announcement

Volume 10 Issue 18 e00244-21 mra.asm.org 9

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/m

ra
 o

n 
15

 J
un

e 
20

21
 b

y 
13

7.
22

4.
11

.1
39

.

https://www.ncbi.nlm.nih.gov/bioproject/PRJNA704939
https://www.ncbi.nlm.nih.gov/sra/SRR13786854
https://www.ncbi.nlm.nih.gov/sra/SRR13786855
https://www.ncbi.nlm.nih.gov/sra/SRR13786856
https://doi.org/10.1038/nbt1247
https://doi.org/10.1038/nbt1247
https://doi.org/10.1021/acs.est.6b03976
https://doi.org/10.1021/acs.est.6b03976
https://doi.org/10.1371/journal.pone.0185056
https://doi.org/10.1371/journal.pone.0185056
https://doi.org/10.1089/cmb.2012.0021
https://doi.org/10.7717/peerj.1165
https://doi.org/10.1038/ismej.2017.126
https://doi.org/10.1038/ismej.2017.126
https://doi.org/10.1101/2020.07.15.204776
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1093/bioinformatics/btz848
https://doi.org/10.1038/nbt.4229
https://doi.org/10.1371/journal.pcbi.1002195
https://cme.h-its.org/exelixis/resource/download/NewManual.pdf
https://cme.h-its.org/exelixis/resource/download/NewManual.pdf
https://doi.org/10.1093/nar/gkw290
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

