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ABSTRACT Microbial communities using anammox bacteria to remove nitrogen are
increasingly important in wastewater treatment. We report on 25 metagenome-assembled
genomes of low-abundance microbes from a partial nitritation anammox bioreactor system
that have not been described previously. These data add to the body of information about
this important wastewater treatment system.

rocesses utilizing anammox bacteria for nitrogen removal have become popular for

energy-saving wastewater treatment since they do not require oxygen or organic carbon
for growth to convert ammonium (NH,™) and nitrite (NO, ™) directly to nitrogen gas (N,) (1-7).
Microorganisms in partial nitritation anammox (PNA) bioreactors adapt to repetitive and
rapidly changing microaerobic and anoxic environments (5). The most abundant and active
functional groups involved in nitrogen cycling in PNA systems are anammox bacteria, am-
monia-oxidizing bacteria, and nitrite-oxidizing bacteria, and some of the strains appear to
be ubiquitous (8, 9); we are beginning to realize the extent of the metabolic versatility and
interactions within these microbiomes (8-10). We reported on metagenome-assembled
genomes (MAGs) of the most abundant and active microorganisms in a laboratory-scale
PNA bioreactor treating reject water from a full-scale struvite recovery process (11). There,
the bioreactor was inoculated with biomass from the York River Treatment Plant (Hampton
Roads Sewerage District, Seaford, VA), which uses a PNA deammonification process to treat
reject water from the solids dewatering facility (12).

This announcement includes 25 low-abundance MAGs with greater than 68% completion,
grouped into 16 clusters, that were recovered from the same laboratory-scale PNA bioreac-
tor and for which a specific role in the community has not been described (Table 1). These
additional MAGs add to the expanding body of knowledge about microorganisms present
in deammonification bioreactors at low abundance (e.g., each less than 1% based on

DNA sequencing coverage and collectively less than 5%, determined as described previously
[11, 13)). Editor Irene L. G. Newton, Indiana University,

. . . . . . . Bloomington
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USA) following the standard protocol as described (14), samples were sequenced on the The authors declare no conflict of interest.
HiSeq 2500 platform (lllumina) at the University of Wisconsin-Madison Biotechnology Center Received 2 March 2022

using 2 x 250-bp reads, and low-quality reads (quality scores of less than 20 and sequence Accepted 29 April 2022

lengths of less than 100 bp) were removed using Sickle (15). A total of 18,106,239 reads

Address correspondence to Daniel R. Noguera,
noguera@engr.wisc.edu.

Month YYYY Volume XX Issue XX 10.1128/mra.00212-22 1

Downloaded from https://journals.asm.org/journal/mra on 21 May 2022 by 99.100.185.15.


https://orcid.org/0000-0002-4725-496X
https://orcid.org/0000-0003-3302-3877
https://orcid.org/0000-0001-8738-2467
https://orcid.org/0000-0003-0372-3063
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1128/mra.00212-22
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00212-22&domain=pdf&date_stamp=2022-00-00
https://crossmark.crossref.org/dialog/?doi=10.1128/mra.00212-22&domain=pdf&date_stamp=2022-5-16

Microbiology Resource Announcements

Announcement

‘ST°S81°001°66 A9 TZOT AN 1 uo exwy[euinol/3io wse sjeunol//:sdyy woly papeojumoq

0 0 0 6€ 8l 6769 SEV'8L ¥Sl  ¥8€'0LL'T 6C°0 6069 winke1eq apadplsployding 000000000 TIAMYr /g
L L L LS (474 (a4 969'SC v/l 061198°€ ¥8'C L9'SL wnus1deq b101R2AWOPUDId  000000000MHAMNY( 491 W1d
L L L 9¢€ 144 So'es 6¥9'CC LET  T€6'S6S'Y 0 LE9L wnualoeg 000000000LHAMYr €17ove
0 0 0 8¢ (94 €€99 LE6'EE Iyl €evle6'e 160 SY'LL winlis1oeq abauljolobuy 000000000VIArYr € INV
L L L [44 06 8/S 960'8€ LTz 899'89%'9 (VAN L1'S8 WinNLR1eq S9[DPPUOWOULIAS 000000000dIArMYr 4z WAd
L L 0 S9 6 6879 9/6'L9 L6 LOY'0ST'Y Ll 88'G8 wnua1deq bj01aAWO0UD|Y 0000000000IArVr 406 W1d
0 0 0 6€ 8l 899 8¥S'LS 19  ¥STSL8'T Lzo €0'88 wnua3deq 30a30[2£>0poyy 000000000(IArYr £LDad
0 L L 144 LL [4%2°] 08S'LL 8/  8/8'896'¢C S90 €068 wnua1oeq pj02200XAW 000000000HIAMYr YL XAW
0 0 L [4 14 €0'v9 9€5'79 8Cl L8T'LLT'Y 8r'€ 67°68  WNWI3IDRY DLBIIDGOR}0IdDWWDD 000000000ZHAIYr €€ WYD
0 0 0 14 6¢C 9%'89 6818 99  9/T'veE8'E 980 IL’L6 winue1oeq sa|bpobuowopnasd 000000000DIArYr 69 WSd
0 0 0 0 oL €879 795'8S Y0l 6L0V0V'Y LS50 196 wnud1deq sa[piaydsidAyd 000000000SHArNVr dl el 10d
L L L 8 €l 9¢'LS ¥06'75C 09  €8/'/98'L 8L¢C €L°C6 winualoeq abauljosapuy 000000000WIAMYr 418NV
L L 0 19 65 €129 987’651 0S  8L9'6¥T'S L'l 81’6 wnua3oeq a04apYdsidAY 000000000AHAIY( 451 SDd
L L L S 9l 8,9 ST0'20L L vLS'/8Y'S LS50 EY6 wnua1oeq a0490YdsiPAY 000000000IAMNVr 49/7SDd
L L L 0s 8l 6965 167’291 9¢  G61'618'% yA R 65176 winiis1oeq ap1qodiwodniia 000000000AHAMYI HET YA
L L 0 6 (4 v/.'S9 758101 0L  /81'899'v vl 686 wnuaeq avsapydsidAyd 000000000NHANYr 17 SDd
L L L 14 €€ 88’19  8TLV6S'L 14 LLL'ELL'T 0 91'S6 wnpeieq pjoydouwo 0000000003IArYr 79 NWO
L L 0 14 1z (44 €51°02¢ 8¢  +97'895°¢ Ll S¥'S6 winuR1eq a4a0YdSIAYY 000000000XHArYr 461 SDd
L L L 9L (019 LL'8Y SP8ELT € 8LL'YYI'E 0 LS'S6 winue1oeq piqodiwisn|g 000000000dIArYr 66 W13
L L L 8t acl S6'8S o' LYE Sy 890°LE9'L L'l 556 wnisioeg 0000000009IArVI 8¢ Dvd
L L L 8 9l 8'59 syl 69  676'0LL9 S80 L0'L6 winkia1seq blin>pqoiapubowliay | 000000000NIAMYr 468 dWL
L L L 514 L1 7879 85/'088'L ¥ ¥9,'09T'€ 0 (4443 wnlisioeg 0000000004IArYr 4€9 Dvd
0 0 L 6t [43 G699 zog’'e6l 6E€  690°LS5'€ LT 79’6 WNUR)RY DLR)ODGOR}0IdDWWDD 000000000DIAMYr 46 WVYD
L 0 0 (4 Sl ¢S'L9 128'16T [43 1£T7'858'S (7474 8886 wnualoeg 000000000MIAIYr 46/ DOvd
[4 [4 [4 St /L8 [ K44 ¥66'TLY 4SS 74:3 4 [40%3 7566 wnli9loeq bjploladbg 000000000DIAIVr 6€ 104
SYNY! SYNY! SYNY! SYN®}  (x)yadap  (%)3us3uod (dg)  spjogeds  (dq) azis (%) (%) Kwouoxey "OU UOISSIIE  UOKEIYIUSPI
GETJO'ON SOLJO'ON SSJ0'ON jJooN bBupuanbag 79 N JO'ON  SWoOoUdDH uoneUIWEIUO)  SsaUdB|dwo) aalo jyueguan oY

$19qWINU UOISSa20e dWOUH pue sO1sIIelIs DA L 319V.L

2

10.1128/mra.00212-22

Issue XX

Month YYYY Volume XX


https://www.ncbi.nlm.nih.gov/nuccore/JAJVIC000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIK000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIQ000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIF000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIN000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIB000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIP000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHX000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIE000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHU000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHY000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVII000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHV000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIM000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHS000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIG000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHZ000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIH000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIJ000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIO000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVID000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIA000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHT000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVHW000000000
https://www.ncbi.nlm.nih.gov/nuccore/JAJVIL000000000
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00212-22

Announcement

MAG Naming Key
OLB = Speth et al (9)
UWM = Lawson et al (10)

NB = Beach et al (11)

NB2 = This analysis
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FIG 1 Phylogenetic tree of the 25 MAGs from this study (labeled NB2 and bolded), compared with the 16 most abundant MAGs from Beach et al. from the
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same microbiome (labeled NB) (11), as well as MAGs from Speth et al. (labeled OLB) (8) and Lawson et al. (labeled UWM) (9). The tree was constructed with
RAXML-NG (unrooted) (25) with the 120 bacterial single-copy marker genes from GTDB-Tk (24) and visualized with TreeViewer (https://treeviewer.org).
GTDB phylum taxonomy is listed on the right. Bootstrap values of more than 50 are shown. The scale bar indicates the number of nucleotide substitutions

per sequence site. Strain codes for NB and NB2 strains are as follows: AMX, Brocadia; ANL, Anaerolineae; ANR, Anaerolineales; BAC, bacterium; BCT, Bacteroidia;

BRB, Bryobacteraceae; BRK, Burkholderiaceae; ELM, Elusimicrobia; FLB, Flavobacteriales; GAM, Gammaproteobacteria; IGV, Ignavibacteria; MYX, Myxococcota; NSM,

Nitrosomonas; NSP, Nitrospira; OMN, Omnitrophota; PCL, Phycisphaerales; PCS, Phycisphaerae; PLM, Planctomycetota; PSM, Pseudomonadales; PYM, Pyrinomonadales;

RDC, Rhodocyclaceae; SPS, Saprospiraceae; STB, Steroidobacteraceae; TMB, Thermoanaerobaculia; VRM, Verrucomicrobiae; XAM, Xanthomonadales.

from the metagenomic samples were processed with default parameters as described previ-
ously (11), using SPAdes v3.3.0 (16) for assembly, Anvi'o v5.5.0 (17) for binning, BBMap v38.22
(18) for mapping, Prodigal v2.6.3 (19), HMMER v3.2.1 (20), and NCBI Clusters of Orthologous
Groups (COGs) (21) for annotation, and ProDeGe v2.2 (22) and tetranucleotide frequency com-
parisons for further cleaning of the MAGs. Genome statistics were determined with CheckM
v1.0.3 (23), and taxonomy was assigned with GTDB-Tk v1.5.1 (database release 202) (24). The
unrooted phylogenetic tree (Fig. 1) comparing these MAGs with MAGs from previous studies
(8, 9) was generated using RAXML-NG v0.9.0 (25) and visualized with TreeViewer (https://
treeviewer.org). These MAGs add to our understanding of PNA bioreactors and may aid in opti-

mization of these systems once the function of these low-abundant microbes is elucidated.
Data availability. Raw metagenomic sequence data and MAGs are available in

NCBI GenBank under BioProject accession number PRINA559529. All custom scripts
are available at GitHub (https://github.com/GLBRC/metagenome_analysis).
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