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Abstract: By constructing feature metagenome database of complete ammonia oxidizing bacteria (CAOB), their abundance and
diversity in S6water treatment systems, e.g., urban wastewater nitrogen systems and drinking water treatment systems, were
quantitatively analysed. The significant influencing factors were determined by statistical analysis and the influential mechanism were
analysed. It was revealed that CAOB were accounted for 8.2%~99.6% of the ammonia oxidation community and 1.4%~48.6% of the
Nitrospira in the surveyed urban wastewater nitrogen removal systems. Phylogenetic analysis revealed that CAOB metagenome
assembled genomes (MAGs) were associated with Ca.Nitrospira nitrosa, with ANI value higher than 94%. CAOB community were
more homogeneity than those in drinking water treatment systems, speculating that Ca. Nitrospira nitrosa cluster were specific adaptable
to urban wastewater nitrogen removal systems. According to correlation analysis, pH value was significantly positively while COD was
significantly negatively correlated with the abundance and diversity of CAOB. They were more likely to be dominant nitrifiers in low
NH,', high sludge retention time, and low dissolved oxygen conditions. In conclusion, this study reveals that Ca.Nitrospira nitrosa
cluster are dominant CAOB, and their distribution influencing factors in urban wastewater nitrogen removal systems.

Key words: urban wastewater nitrogen removal system; comammox bacteria; Ca.Nitrospira nitrosa; metagenome-assembled

genomes; influencing factors
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121X 4r CAOB FII NOB #! Nitrospira.
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1.1

R OREHERE 9 EHESKAIE BIEITSERKREFE
Table 1 Operating parameters and water qualities of the 9WWTPs where samples were collected
Fo Ty HECC) R SH MLSS 7K COD K BEKNH N HK NH SN K TN
(mg/L) (mg/L) (mgll) COD(mgL) (mg/l) (mg/L) (mg/L)
X1 Atk 17 2.0 7 4390 266.3 18.4 20.8 0.5 10.4
X2 AAO 17 2.5 6.9 6809 252.6 18.5 36.0 0.1 9.4
X3 MBR 20 2.0 7.3 5934 332.0 26.0 30.8 0.3 8.9
X4 AAO 20 2.0 7.1 5500 332.0 26.0 30.8 0.3 8.9
X5 AAO 18 2.0 6.7 5500 259.4 22.6 30.5 0.3 9.3
X6 AAO 16 2.6 8.4 9200 106.2 10.1 22.6 0.5 10.3
X7 Bardenpho 18 2.0 7.5 6000 400.0 10.0 30.0 0.1 4.0
X8 AAO 18 1.8 72 5940 2743 18.4 28.5 0.3 8.6
X9 AAO-AO 18 1.0 7.3 4138 245.9 15.7 26.4 0.1 7.5

TS X1-XOAR A G AR FI9 385 K AL B 3% 75 YR KE . AAO,MBR, Bardenpho 4 1148 3¢ IR 48— 1 48~ i S 2L W M RO R 1 25 2 I I % I

FREU AT B AL T Z.

FEGR O TR A Taq B Premix Taq,TB
Green Premix Ex TaqTM II(Takara 2\ ]),DNA &%
[FPRGR A (Axygen A 7]),DNA $EHIR T £ (Qiagen
A F).

F B Y 2% AU 5 cColibri & 4 6 6 B i
(Titertek-Berthold 7\ 7] );Bio-Rad CFX Real-Time
PCR {X#5(Hercules 2 wl); % 3 PRI AL I CR L R
HRAY A7) SOl % NEB Next® Ultra™
DNA Library Prep Kit for Illumina,Ji|/3**F- & Illumina
Novaseq 6000 15 ;7 Jk K 2 Bk o0 b, S2 56 5 5 i

43 M7 £ (Ubuntu 20.04.6LTS).
1.2 DNA $i 5 e 5 58 G Wik S

187 DNA $2 UK £ A 1.1 1 R M5 Ve AE il
(X1-X9,3 MY H L) I DNA,JFHEAT BTk Al
ST e B I B S A i A Y (qPCR) S i 2 A
PG IRE KRB T R I 16S rRNA
5t (338F/806R,53°C)'" ,CAOB  amod *t
(comamoA AF /comamoA SR,56°C)**, AOB amoA %t
(amoA—-1F/amoA—2R,55°C)*'L AOA amod *
(Arch-amoA-F/Arch-amoA-R,56°C)* Nitrospira
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16S rRNA 3 [ (Nspra675F/Nspra746R,64C)>),
Nitrobacter 16S rRNA 3£ [K|(Nitro1198F/ Nitro1423R,
58°C)*H.qPCR X N4k & Ny 25uL, IV FE T B
h:95°C ik 3min, ¥ & 40 MEIR,LL 95°C 30s,iB K
JELPE R 30s Fl1 72°C 45s k) 1 AMIEIR, IE R MG 45 R
W WOGAF 5 R, I A I B0 45 0 DL S 3R AT 165 i
fih £&.
1.3 BRI iy

TFURFE i DNA ZHERHEEE R EQR A A 7,8
i Mlumina Novaseq 6000 ~F- 5 (150-PE)#EAT X il
JP. R AU B o st = 1 dtor & 3T EdiE 9 #r,
J& 46 7418 i Trimmomatic v0.39 Jiid4,Clean reads
SRS G 4% 5 K Megahit v1.2.9 41353573 final
contigs, il MetaWRAP v1.3.2 $A5 523 >70%,
75 43K <10%01 MAGs, K] dRep v3.2.2 LIP3 4
PR AHALLE (AND)<99% 1) I X MAGs Z2KTFLITUAR,
13t coverM v0.6.1(-genome &I E EAETURES
RS MAGs 7EANFRRE G = 2, R A GTDB-Tk
v1.6.0 i MAGs 173 282% %51,/ H OrthoANIu
T HAHIERNZLE Y ANT {385 prokka v1.13.7,
KEGG mapper,RAST FI NCBI NR ¥4 5% MAGs
{10 35 DRI HEA T3 R 20 BT, 75 28] ) i SR R v e 5 2 Wl
s & AL 22 NCBI °F- 5 (PRINA1196098).
1.4 R B0 T 8R4 b

KA FEK B R GE (1) CAOB 3 A RFAiE
25t A FUN NCBI Bl T4 T 47 MN/KALRE T
R EFE N H B, R 2 R, ARG KA P
(WWTPs, i #8 W)IEPEGJe SR (16 M), 7K I8t
(DWTPs, [ #5% DY AEY)EEAE 20 AN FIRIAEAE LK
AR G(PN/A,TIFR P 5 BdE (11 AN, 38 1 %
FERIAL M 7 VPR 2 Nitrospira MAGs. | 56l
it dRep v3.2.2 XF i MAGs #H47 L0485 K H
UBCG v3.0 #MH- A E I TF Nitrospira MAGs 91 /™.
5 UL O AR SE SE A R R AR, IX
CAOB Fl1 NOB %! Nitrospira,iliit coverM A+, 43t
€ AN FEFE S Nitrospira MAGs 3.
1.5 B g it

I Past 3 THEAMA IR IR DA [ (R AH
N FH DistLM AN [ PR R %) CAOB BV
ZE SRR BT R v4.1.0 P15 o/p ZRENETREL,
HEAT EAEBR 3 HT(PCoA), i Mantel test 73 HTAE iy

R 0 A 22 5, DR E R R D 3R

%2 NCBI THHE 47 MEEFBAHE
Table 2 47Metagenomic data downloaded from NCBI

i 5 SAR SR Ji 5 SAR S

W1 SRR6800319 BNR D9  SRR5680087 f2fibygith
W2  SRR6800322 BNR D10  SRR5680088  fhj&ith

W3 SRR6800332  /KJJigias | D11 SRR5680089 ifiihiiigith
W4 SRR6800333  AUJJEHAS | D12 SRR6797127 H KAKKEM
W5  SRR6837576 MBR D13 SRR6797131 FKIKEE M
W6  SRR6837577 AOA D14  SRR6797134 FKIKEE M
W7  SRR9827757 SND DI5  SRR6797136 [ KIKEE M
W8  SRR9827758 Bardenpho| D16  SRR6797149 [ KKFE b
W9  SRR9827759 Bardenpho | D17  SRR6797150 [ KKKE
W10  SRR9827760 IFAS DI8  SRR6797151 FKIKEE M
W1l  SRR9827762 SBR D19  SRR747868 fJcfibiith
W12  SRR9827767 MBR D20  SRR850211 DWTP K

W13  SRR9827770 SND P1 SRR6800323 PN/A
W14  SRR9827774 BNR P2 SRR6800324 PN/A
W15 ERR1414274 AO P3 SRR6800325 PN/A
W16  SRR5571009 AO P4 SRR6800326 PN/A

D1 SRRI3171205 Fdbjgih| PS
D2 SRRI3171207 %fRbEh | P6
D3 SRRI3171209 FHdAbygh| P7
D4  SRRI3171211  %fRbyEh | P8
D5 SRRI3171213  4ffbiEth | P9
D6  SRRI3171215 fydbygith| P10
D7 SRRI3171217 %&by | P11
D8  SRRI3171219 fyifiygit

SRR6800327 PN/A
SRR6800328  MBBR
SRR6800329 PN/A
SRR9827761 PN/A
SRR9827763 PN/A
SRR9827773 PN/A
SRR8731048 PN/A

1275 W,D,P43 AR NCBIEE P2 403 210 v5 KA B IR 7K
b B R G0 R TR A A DR AR AR A R Y e TR AL )
i, BNR,AOA,IFAS,SBR,SND 43 Jill {3 75 /K A= Wy it 1l L 2, i A -
P 7S B & W I e | S N BB 1152 WK e R B
A5 A A B A A T2

2 HRE5SH

2.1 WS KA RS CAOB (R 2 A
2.1.1 CAOB amod REFFEFHE Wi 1 FizR,9
AT KR R 2 E TS ,CAOB. amoA
KPRl 1.5%10°~6.2x10"gene copies/gVSS.78%
(R it CAOB amoA K:DK -1 5 - AOB amoA &
DAL, H3% 30 Lk AOA 135 2~4 AN Eii 2, 1T oA LA 2 A
WA AEY X9 FEML TP CAOB amod 75 amod &Rl
(F199.6%, i 1% F2 4t Hh == JiE d v 1) S SE A A 4.
TR Th AL BETS 1 Nitrospira 16S rRNA LK )&
h 2.1x10°~3.5x10'"gene copies/gVSS, Nitrobacter
16S rRNA JEPF2 5 4 1.1x10°~3.1x10°gene copies/
gVSS.Nitrospira F-J% f& Nitrobacter 1f] 4-23 5.7 1€
2| Nitrospira SZFr LAFE NOB %Y Nitrospira
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fH>90) 1 3L H 11 4 MAGs, H ' Nitrospira
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distance in WWTPs and DWTPs.
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Table 3 Correlations between CAOB and influential factors in 9samples

o ——— gqPCR MAGs HIXFEF o ZFEE B Z M
amoA FERIZEE  Ca.Nitrospira nitrosa Fi'ff  CAOB clade A Shannon Simpson Chaol Bray-Curtis

Temperature -0.24 -0.34 -0.24 -0.05 -0.24 0.19 0.42%
H7k coD -0.02 -0.19 -0.12 0.19 0.06 0.29 -0.13
Hi7k CoD -0.13 —0.86%* —0.82%* -0.56 —0.74* -0.28 0.36*
HE7K NH,* 0.02 -0.28 -0.30 -0.14 -0.29 -0.13 -0.30
Hi7K NH,* 0.20 -0.50 -0.43 -0.24 -0.24 -0.08 -0.30
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14X DO 0.45 0.03 -0.05 -0.09 0.07 -0.10 -0.28
IF4AIX pH A 0.41 0.73* 0.80* 0.79* 0.81* 0.55 -0.16
U4 X MLSS 0.71% 0.50 0.46 0.53 0.59 0.32 -0.31

VE: **FRP<0.01,% FIRP<0.05.
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