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Reactor operation/performance summary
The PNA reactor was a sequencing batch reactor with 8-hour cycles consisting of anoxic feeding, reaction with continuous mechanical stirring and intermittent aeration, settling, discharge, and idle phases, with a hydraulic retention time of 16 hours. The seeding biomass originated from a full-scale moving bed biofilm reactor treating anaerobic digester supernatant via PNA (ANITA Mox). The reactor was fed an anoxic synthetic medium modified after [1] with deionised water and NH4HCO3 as the sole energy source, at a volumetric loading of 750 mg N/L·day. The solids retention time was set to 100 days by daily manual wasting of mixed reactor biomass. The oxygen to ammonium loading was nominally 1.09 g O2/g N, increased to 1.20 g O2/g N during the final high frequency period to regain TN-removal efficiency while dissolved oxygen concentration was below detection limit throughout. The reference aeration frequency of 3, length of aerated/non-aerated period and the air flow rate were attained during 19-month operation following an aeration regimen based start-up protocol. The reactor was operated at 30oC. Nitrogen species NH4+, NO2-, NO3 - were monitored for all the cycles and throughout one cycle at the end of each frequency setting period to determine the performance per cycle and during redox cycling. In-cycle liquid NO and N2O levels were also monitored per frequency setting period. 
Nitrite accumulation and N2O production were observed during aerated periods, overall both decreased with increasing frequency. Average aggregate size increased and settling properties (SVI5/30) improved with increasing aeration frequency. Based on 16S rRNA gene targeted qPCR and FISH, the community architecture switched from size-segregated AOB (<90µm) and AnAOB (>90µm) with bi-modal aggregate size distribution to uni-modal stratified AOB-AnAOB coaggregates. Other (non-autotrophic) guilds had initially higher abundance in <90µm size fraction, with increasing aeration frequency their relative abundance increased in all size fractions.


Table S1. Quality of the recovered metagenome assembled genomes (attached xl spreadsheet)
Table S2 Overview of the genetic content of the recovered genomes (attached xl spreadsheet)
Table S3. Reads per million (RPM) mapped against AnAOB and canonical nxrA.
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PCR for pyrosequencing
Ten nanograms of extracted DNA was PCR amplified using Phusion (Pfu) DNA polymerase (Finnzymes, Finland) and 16S rRNA gene-targeted universal primers PRK341F (5'-CCTAYGGGRBGCASCAG-3') and PRK806R (5'- GGACTACNNGGGTATCTAAT-3') (Yu et al. 2005). PCR was performed as described elsewhere [2]. The adapter- and sample-specific tag addition and pyrosequencing were done as described previously [3].
Bioinformatic analysis
All raw 16S rRNA sequence were processed in QIIME [4]. Chimera removal and denoising were performed with Ampliconnoise [5]. Sequences were quality trimmed and clustered into operational taxonomic units (OTUs) using a 97% identity threshold with uclust [6]. These OTUs were aligned against the Greengenes reference set (DeSantis et al. 2006) using the Pynast algorithm[7]. Taxonomy assignment of each representative sequence was implemented using the BLAST algorithm against the Silva 108 curated database [8]. Graphical visualisation of taxonomic composition was done with “phyloseq” package in R environment [9].
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Figure S1 16S rRNA amplicon-inferred community composition at time 0, 3, 6 months for total community (left) and the AOB and NOB-oxidizing guilds (right)



Genome 37- AOB3
Genome 31- AOB2
Genome 29- AOB1
Genome 28 - AMX1
Genome 30 - AMX2 
Genome 46 - AMX3 

[image: ]Figure S2 Pairwise AAI comparison of retrieved AeAOB and AnAOB MAGs against reference species.
Figure S3 Differential coverage plot of sample6 using two different subsamples of the total reads. amo and hao genes are highlighted and the Nitrosomonas genomes position identified.
The AMO operon was solely detected in AOB3 MAG, and not in AOB1 and AOB2. Similarly, no AOB MAG contained the HAO operon. However, three AMO and HAO operons where found when searching the whole metagenome, instead of only the recovered MAGs. A likely explanation is that the typical presence of 2-3 almost identical copies of the amo and hao genes in Nitrosomonas spp. [10] can result in a singular unique copy during de novo assembly. This results in artificially increased sequencing depth of the mentioned unique assembled operons. As this genomic region then has a higher depth than the rest of the genome proper binning is not possible when differential coverage binning methods are used (as in this study) [11]. In fact, when the AMO and HAO operons were highlighted in a differential coverage plot, both genomic regions were closely placed to the AOB bins (Fig. S3). Therefore, we concluded that the missing operons in the AOB MAGs are artefacts and that each MAG harbours the AMO and HAO operons.


[image: ]Figure S4 Phylogeny of the retrieved hao and hao-like genes

[image: ]Figure S5 Phylogeny of the retrieved nxr and nxr-like genes
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Figure S6. Relation between completeness of biosynthetic pathways for amino acid and B-vitamins across MAGs, MAG completeness, and MAG abundance.
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t0 tl 12 13 t4 t5 t6 Mean StDv
AnAOB 783 89.3 144.1 123.7 97.0 79.9 89.2 100.2 246
Nitrobacter 4.4 34 23 29 33 24 23 3.0 0.8
Nitrolancea 11 0.6 0.5 0.5 0.8 0.5 0.7 0.7 0.2
Nitrospira 0.1 0.2 0.2 0.1 0.6 0.5 0.3 0.3 0.2
Nitrotoga 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitronauta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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