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Supplementary Method

Method Reconstructed the Nitrogen Metabolic Network in Different Anammox
Consortia.

The reads per million measures were used as estimations of contig abundance in the present
study (Maus et al., 2017), which were calculated using Salmon (Patro et al., 2017). Open Reading
Frames (ORFs) were predicted for the contigs retrieved from each metagenome using Prodigal
(Hyatt et al., 2010). All predicted ORFs were merged and clustered using CD-HIT (V4.8.1) based
on sequence identity (90%) and alignment coverage (80%) to obtain non-redundant ORFs (Fu et al.,
2012). The nitrogen-cycling profile of each sample was explored by aligning the non-redundant
ORFs to a published database NCycDB using BLASTP with an E-value < 10°. Only those reads
with an identity = 80% and alignment length = 70% were assigned as corresponding target
sequences (Tu et al., 2018). Further, the nitrogen-cycling ORFs were verified against the NCBI-NR
database (October 2020 release) using DIAMOND with an E-value < 10° (Buchfink et al., 2014).
The abundances of nitrogen-cycling genes in all samples were obtained by calculating the reads per
million measures with Salmon (Patro et al., 2017). To get a snapshot of the overall microbial
community in the six samples, taxonomic assignments of all contigs in metagenomic data were

conducted according to the script CAT (Cambuy et al., 2016).
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Supplementary Texts

Text S1 Microbial Community Structure of The Anammox Consortia. After quality control,

sequencing of DNA yielded a total of 720333280 clean reads in the six anammox consortia, and the

individual assembly of these reads generated a total of 3118176 contigs (Table S1). The overall

microbial community showed that Proteobacteria, Planctomycetes, Chloroflexi and Bacteroidetes

were the dominant phyla in the anammox sludge with different particle size (Figure S5a).

Nitrosomonas with low abundance was mainly responsible for nitrification process, and the

dominant anammox population Candidatus Brocadia showed the highest abundance compared to

other anammox bacteria (Figure S5b). In addition, the heterotrophic environment enriched amounts

of denitrifying bacteria in the anammox consortia for nitrogen removal, such as Lautropia,

Rubrivivax, Steroidobacter and Thiobacillus, which were commonly observed in the anammox-

based systems (Guo et al., 2021; Podder et al., 2020; Qin et al., 2017; Wang et al., 2019).

Text S2 Nitrogen Metabolic Potential of The Anammox Consortia. Ammonium appears to

be mainly removed by anammox and denitrifying bacteria in the plant according to the high

abundance of hydrazine synthase genes, nitrate reductase genes, nitrite reductase genes and nitrous-

oxide reductase genes (Figure S6a). The abundant cytochrome c nitrite reductase genes reflected

that the dissimilatory nitrate reduction process (DNRA) may contribute to ammonium production.

In addition, the other nitrogen metabolic pathways, including assimilatory nitrate reduction,

nitrogen fixation, ammonification, and ammonium assimilation (Figure S6b), also detected in the

anammox consortia. Notably, the relative abundance of anammox-related genes accounted for 80%

of the detected proteins in the samples (Figure S6c). Following anammox process, denitrification

was the second most abundant nitrogen metabolic pathway in the anammox consortia. Moreover,
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the large-sized granular sludge (L-1 and L-2) displayed a higher potential capability of anammox

than the small-sized (S-1 and S-2), while the anammox metabolic potential in floc sludge displayed

the lowest abundance. The abundance of anammox-related genes in SW773 and SW510 were

accounted higher than the other known species, which were in line with their abundance (Table S2).

In addition, this study evaluated the growth rate of individual anammox members using the iRep

algorithm. An iRep value of 1, 1.5 and 2 suggest that 0, 50 and 100% of the cells are replicating,

respectively (Brown et al., 2016). As shown in Table S3, the iRep value of SW172 was not available

due to its low abundance and low completeness, while anammox species SW773 possessed the

highest growth rates in both floc and granular sludge than other anammox species. Taken together,

anammox process was primarily contributed to nitrogen removal in these anammox consortia, and

the high abundance and replication rates of the two novel anammox species suggested their niche

superiority in the full-scale swine wastewater treatment plant.
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Table S1 Detailed information of the metagenomes and the obtained contigs.

Sample ID Clean reads Contigs number N50 of contigs

S-1 137337424 585016 3012
S-2 129744243 419882 3352
L-1 132732178 480096 3138
L-2 128090794 488855 2815

F 94635488 583180 2882

A 97793153 561147 2528

Table S2 The relative abundance of four anammox species based on the MetaWRAP.

Sample ID SW172 SW510 SW745 SW773 Total
S-1 5.32% 12.44% 3.95% 18.26% 39.98%
S-2 0.17% 8.86% 7.51% 24.49% 41.04%
L-1 3.65% 17.79% 2.65% 23.33% 47.42%
L-2 0.21% 3.70% 7.42% 31.91% 43.24%

F 0.10% 12.94% 2.61% 16.75% 32.41%

A 0.51% 18.20% 3.51% 16.09% 38.30%

Average 1.66% 12.32% 4.61% 21.81% 40.40%

Table S3 The replication rates (i.e., the index of replication) of the four anammox species.

Sample ID SW172 SW510 SW745 SW773

S-1 NA 1.177769552 1.177531086 1.734190524

S-2 NA 1.170482855 1.171012678 1.250779429

L-1 NA 1.159016431 1.18339059 1.307188351

L-2 NA 1.193450818 1.162566295 1.547626578

F NA 1.200798568 1.23809304 1.394174085

A NA 1.186657843 1.195720397 1.339429583

Average NA 1.181362678 1.188052348 1.428898092
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Table S4 Reference anammox genomes used for reconstructed anammox genomes functional annotation.

Assembly Taxonomy Reference Assembly Taxonomy Reference
(Speth et (Yang et al.,
GCA_000786775.1 Ca. Scalindua brodae GCA_007618135.1 Ca. Brocadia sp. WS118
al., 2015) 2019)
(Ferousi et (Yang et al.,
GCA_000987375.1 Ca. Brocadia fulgida GCA_007618155.1 Ca. Brocadia sp. BL1
al., 2013) 2019)
(Speth et (Peeters et
o al., 2016) ) ) al., 2020;
GCA_001567345.1 Ca. Brocadia sinica GCA_007859995.1 Ca. Brocadiaceae bacterium S225 )
Rensink et
al., 2020)
NA (Peeters et
) ) ) al., 2020;
GCA_001723765.1 Ca. Scalindua rubra GCA_007860005.1 Ca. Brocadiaceae bacterium B188 )
Rensink et
al., 2020)
(Park et al., (Zhao et al.,
GCA _002009475.1 Ca. Brocadia caroliniensis GCA 008363395.1 Ca. Brocadia sp. AMX2
2017) 2019)
) (Lawson et ) (Zhao et al.,
GCA_002050315.1 Ca. Brocadia sp. UTAMX2 GCA_008363445.1 Ca. Jettenia sp. AMX1
al., 2017) 2019)
) (Lawson et ) (Alietal.,
GCA_002050325.1 Ca. Brocadia sp. UTAMX1 GCA_008501815.1 Ca. Scalindua sp.
al., 2017) 2020)
) (Zhao et al., i NA
GCA_003577195.1 Ca. Brocadia sp. 2018) GCA_008933285.1 Ca. Brocadia sp.
) (Zhao et al., ] ) (Hiraetal.,
GCA_003577215.1 Ca. Brocadia sp. GCF_000296795.1 Ca. Jettenia caeni
2018) 2012, p. 1)
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GCA_004282735.1

GCA_004282745.1

GCA_004351875.1

GCA_005524015.1

Ca. Brocadia sp. BROELECO01

Ca. Scalindua sp. SCAELECO01

Ca. Scalindua sp. AMX11

Ca. Jettenia ecosi

(Shaw et al.,
2020)
(Shaw et al.,
2020)
(Alietal.,
2019)
(Mardanov
etal., 2019)

GCF_000949635.1

GCF_001753675.2

GCF_002443295.1

GCF_900232105.1

Ca. Brocadiaceae

Ca. Brocadia sapporoensis

Ca. Scalindua sp. husup-a2

Ca. Brocadiaceae

(Oshiki et
al., 2015)
(Alietal.,
2016)
(Oshiki et
al., 2017)
(Frank et
al., 2018)
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Table S5 Key functional genes involved in central carbon metabolism, including Carbon fixation (Wood-Ljungdahl

pathway), Gluconeogenesis (Glycolysis pathway), Pentose phosphate pathway, Glycogen metabolism and TCA

cycle.
KO Abbreviation Name

K00123 fdhA Formate dehydrogenase major subunit

K01938 fths Formate-tetrahydrofolate ligase

K01491 folD Methylenetetrahydrofolate dehydrogenase (NADP+)/methenyltetrahydrofolate
cyclohydrolase

K00548 metH 5-methyltetrahydrofolate/Methyltransferase

K00194 cdhD/cooS Acetyl-CoA decarbonylase/synthase, CODH/ACS complex delta

K00197 cdhE/cooS Acetyl-CoA decarbonylase/synthase, CODH/ACS complex gamma

K00198 c00S CO dehydrogenase catalytic subunit

K07321 c00S CO dehydrogenase maturation factor

K00193 cdhC CO-methylating acetyl-CoA synthase

K01895 ACS Acetyl-CoA synthetase

K01905 ACS Acetyl-CoA synthetase

K00925 ackA Acetate kinase

K00170 porB Pyruvate ferredoxin oxidoreductase beta subunit

K00169 porA Pyruvate ferredoxin oxidoreductase alpha subunit

K00171 porD Pyruvate ferredoxin oxidoreductase delta subunit

K00172 porC Pyruvate ferredoxin oxidoreductase gamma subunit

K01006 ppdk Pyruvate, orthophosphate dikinase

K01689 ENO Enolase/phosphopyruvate hydratase

K15635 PGAM 2,3-bisphosphoglycerate-independent phosphoglycerate mutase

K00927 PGK Phosphoglycerate kinase

K00134 GAPDH Glyceraldehyde 3-phosphate dehydrogenase

K01624 FBA Fructose-1,6-bisphosphate aldolase, class 11

K08321 FBA Fructose-1,6-biphosphate aldolase class |

K00850 pfkA 6-phosphofructo kinase 1

K03841 FBP Fructose-1,6-bisphosphatase |

K01810 GPI Glucose-6-phosphate isomerase

K00036 G6PD Glucose-6-phosphate 1-dehydrogenase

K01057 6PGL 6-phosphogluconolactonase

K00033 PGD 6-phosphogluconate dehydrogenase

K01783 RPE Ribulose-5-phosphate 3-epimerase

K01808 RPI Ribose-5-phosphate isomerase

K00615 TKT Transketolase

K00616 TAL Transaldolase
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K01835
K00703
K00975
K00700
K00688
K02438
K06044
K01236
K13057
NA
K01681
K00031
K00174
K00175
K01958
K00024
K01677
K00239
K00240
K01903
K01904

Pgm
GlgA
GlgC
GlgB
GlgP
GlgX
TreY
TreZ
TreT
cs
aco
idh
korA
korB
pyc
mdh
fh
frdA
frdB
sucC

sucD

Phosphoglucomutase
Glycogen synthase
G-1P adenylyltransferase
a-1,4-glucan branching enzyme
Glycogen phosphorylase
Glycogen operon protein
Malto-oligosyltrehalose synthase
Maltooligosyltrehalose trehalohydrolase
Trehalose synthase
Citrate synthase
Aconitate hydratase
Isocitrate dehydrogenase
2-ketoglutarate/2-oxoacid ferredoxin oxidoreductase subunit alpha
2-ketoglutarate/2-oxoacid ferredoxin oxidoreductase subunit beta
Pyruvate carboxylase
Malate dehydrogenase NAD dependent
Fumarate hydratase subunit alpha
Succinate dehydrogenase/fumarate reductase, flavoprotein subunit
Succinate dehydrogenase cytochrome b-556 subunit C
Succinyl-CoA synthetase beta subunit

Succinyl-CoA synthetase alpha subunit
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Table S6 Key genes involved in methionine biosynthesis (i.e., the KEGG module M00017).

Copies
KO Abbreviation Name
SW172 SW510 SW745 SW773
K00928 lysC aspartate kinase 1 1 1 1
K12524 thrA bifunctional aspartokinase/homoserine dehydrogenase 1 0 0 0 0
K12525 metL bifunctional aspartokinase/homoserine dehydrogenase 2 0 0 0 0
K00133 asd aspartate-semialdehyde dehydrogenase 1 1 1 1
K00003 hom homoserine dehydrogenase 1 1 1 1
K00651 metA homoserine O-succinyltransferase/O-acetyltransferase 0 0 0 0
K00641 metX homoserine O-acetyltransferase/O-succinyltransferase 0 0 0 0
K01739 metB cystathionine gamma-synthase 0 0 0 0
K01760 metC cysteine-S-conjugate beta-lyase 0 0 0 0
K14155 patB cysteine-S-conjugate beta-lyase 0 0 0 0
K00548 metH 5-methyltetrahydrofolate--homocysteine methyltransferase 0 0 0 0
K24042 yitd methionine synthase/methylenetetrahydrofolate reductase (NADPH) 0 0 0 0
K00549 metE 5-methyltetrahydropteroyltriglutamate--homocysteine methyltransferase 3 1 3 3
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Table S7 Key genes involved in pantothenate biosynthesis (i.e., the KEGG module M00119).

Copies
KO Abbreviation Name
SW172 SW510 SW745 SW773
K00826 ilvE branched-chain amino acid aminotransferase 3 1 2 2
K00606 panB 3-methyl-2-oxobutanoate hydroxymethyltransferase 0 0 0 0
K00077 panE 2-dehydropantoate 2-reductase 0 0 0 0
K01579 panD aspartate 1-decarboxylase 2 1 1 1
K01918 panC pantoate--beta-alanine ligase 1 1 1 0
K13799 panC-cmk pantoate ligase/CMP/dCMP kinase 1 1 1 0
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Table S8 Key genes involved in folate biosynthesis, including three KEGG modules M00126, M00840 and M00841.

Copies
KO Abbreviation Name
SW172 SW510 SW745 SW773
K00287 DHFR/folA dihydrofolate reductase 1 0 0 0
K00796 folP dihydropteroate synthase 1 1 1 1
K00950 folK 2-amino-4-hydroxy-6-hydroxymethyldihydropteridine diphosphokinase 1 1 1 1
K01077 phoA/B alkaline phosphatase 0 0 0 2
K01113 phoD alkaline phosphatase D 0 0 0 0
K01495 GCH1 GTP cyclohydrolase 1A 1 0 2 0
K01633 folB 7,8-dihydroneopterin aldolase/epimerase/oxygenase 0 0 1 0
K08310 nudB dihydroneopterin triphosphate diphosphatase 0 0 0 0
K09007 folE2 GTP cyclohydrolase IB 0 0 0 0
K11754 folC dihydrofolate synthase/folylpolyglutamate synthase 1 1 1 1
K14652 ribBA 3,4-dihydroxy 2-butanone 4-phosphate synthase/GTP cyclohydrolase 11 0 0 0 0
K19965 folQ dihydroneopterin triphosphate pyrophosphohydrolase 0 0 0 0
K20457 DHFS dihydrofolate synthase 0 0 0 0
K22099 folC2 dihydrofolate synthase/folylpolyglutamate synthase 0 0 0 0
K22101 PTPS dihydroneopterin triphosphate aldolase (PTPS-I11)/6-pyruvoyltetrahydropterin synthase 0 0 0 0
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Fig. S1 Schematic diagram of biological treatment process in the full-scale swine wastewater treatment plant.
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Fig. S2 Concentrations of nitrogen (a) and organic matter (b) and the pH, dissolved oxygen, and temperature (c) in

different tanks of the full-scale swine wastewater treatment plant. Eff.A: effluent of the anaerobic process; Eff.PO1:
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Fig. S3 Photos of the floc and granular sludge.
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Fig. S5 Microbial community composition of the major phyla (a) and genus (b) in the anammox consortia according

to the contig analysis.
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Fig. S7 Position SW510 (a) and SW773 (b) on neighbor-joining 16S rRNA gene phylogenetic tree. GenBank

accession number are shown after the clone names. Bootstrap values are indicated at the nodes.
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