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(thmndl Engineering Laboratory for AdVdIlLed “Municipal Wastewater Treatment and*Reuse Technology | College of Environmental and

Ener§y Englneerlng, Béijing University of | Technology, Beijing 100124 China)

Abstract: In thlb,study, the short-term effect of rox1th‘romycm( ROX) on the abundance and dlvermty of ammonia-oxidizing archaea
(AOA )i and’ ammonia-oxidizing bacteria ( AOB) based¥6n amoA gene in activated sludge were investigated by high-throughput
sequencing and quantitative real-time PCR (qPCR). High-throughput sequencing overcomes the drawbacks of low sequencing depth,
significant randomness and great bias of traditional Sanger sequencing. This approach can provide enough sequencing depth to
comprehensively investigate the sensitive and insensitive ammonia-oxidizing microorganisms under ROX selective pressure. Lab-scale
reactors were operated under ten different ROX levels. The results indicated that the environmental (0. 3-30 wg+L™") and medium (300
pg+L™"and 3000 pg-L™") levels of ROX did not affect ammonia oxidation, while the higher concentration(5 000-12 000 wg-L™") of
ROX showed a significant negative effect on ammonia oxidation. The environmental and medium levels of ROX stimulated the growth of
AOA, however, the higher level of ROX decreased the abundance of AOA. In addition, different levels of ROX (except 0.3 pg-L™")
caused the decrease of the abundance of AOB, which suggested that AOA was less sensitive than AOB under ROX selective pressure.
The results of high-throughput sequencing showed that ROX selective pressure caused the decrease of the numbers of OTUs for AOA
and increase of that for AOB. The insensitive AOA, accounting for 57.70% -97.81% of the total sequences, were Candidatus
Nitrososphaera gargensis and Candidatus Nitrosoarchaeum koreensis. The insensitive AOB were Nitrosomonas oligotropha , Nitrosospira
mudtiformis , Nitrosomonas watsonii and Nitrosomonas halophilus, accounting for 0. 76% -5. 10% of the total sequences. These results
also indicated that AOA was insensitive to ROX, but AOB was sensitive to ROX. RDA analyses showed that AOA Ca. Nitrososphaera
gargensis, Ca. Nitrosoarchaeum koreensis and AOB N. oligotropha, N. watsonii, N. halophilus were positively correlated with ROX
concentrations.
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(346 £54)ng- L' WETRENZEHTAE R ]y (27 +
6) ~ (165 £15) ng-L "), Gao %' WYL 5% 8
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FFHARTE R e 47 8 B2 A QI (E 7 40 i 45 14
@ EAFE2E 5 X TE—E R BT AOA
1 AOB X HiA: 2 A HUR B RIF] . Shen 5517 19 1F
%% W, B B WE W fig 48 410 AOB  Nitrosospira
multiformis 19 £ K, {H & X AOA Candidatus
Nitrososphaera viennensis 7 /= 4z 5 . AN [A] ¥ i 11
R W E J B IR T 1 T AOA %u AOB FJ£*
Yu 25 RF5T & B, ROX S50 1T AOB 1
TR (HIE, T ROX MG L5 e H AOA il AOB
FEERM RIS A A

HAT, 2T amoA Z: BT STP H AOA F1 AOB
ZRNER DT 1k EE AT PCR-3LEEF PCR-DGGE
SERERM L ARG I PR AR 3 e AT, AR A 3]
F R A, A e 0 1 A T S e T i E
FETE I S 2 5 [ I AR G2 i D e B AR BEAIL R R

X W RARDX = B 5 R T 7 A i 2. T ey 3
FEHOR M S il 1 4% G I e i ik i, B R B R U
JUR I T LA o B AR 2 ) AR 1 2 R
SR, 3 AA W58 A v 38 122 00 7 56 T amoA K& A
%% AOA I AOB (1 Z Rk

AR I I T amoAd KL 45 & X0 2% 6 & &
PCR ( quantitative real-time PCR, qPCR) FI Tllumina
1o A 1 I P B R 5T ROX 30 o o o 3% M5 Ve 4=
SEALAERILL S AOA il AOB = 2 I 2 1 (1 52 1
FE—H 5 TSRS AOA il AOB #4514
Z R A AH S

1 #MR57F*%

1.1 asisty

ARG BT A9 06 R 75 JE B A T BT STP /Y
WA, FhR (seed sludge,SD)Hl@E?_ﬂ%‘Zib x
R H T B R s G e ZIKiitW’J ROXJWH Sigma
/\7,é¥f“jt? 98% . WLk & 10 ﬁ%lﬁlm
ROX%U“( éz\ﬁwﬂ) 0 pg-L~ (Xﬂ@)ﬁo 3 3
30 g L™ (BB EE) ; 300 pg -1 13,000
pegeL” (EP#%/Z%‘T”) 5 000, 7000, 9000%1142000
ng L~ (HEVRIE). J

R Waﬁfi a‘%ﬂiﬁﬂﬂh fir“%%ﬁﬁ
HYAEBEN0.2 L ﬁlf7J<tl:7%/ 50% . E;/\fir“%%ﬂwﬁ
%%%EZ’@%H 000 mg- L%, 8770 EK | R

SR UL L HEKCRI PR RS LKA K NH, N

MRE. SN AsE AR N TR 7K, 2 003 f0 45 T A
(4748 COD 24 220 mg-L~")NH,C1(0.16 g-L™") .
NaHCO, (0.50 g-L~"'). KH,PO, (0.05 g-L°").
NaCl(0.59 g-L™") . KC1(0.08 g-L™"). CaCl, -
2H,0(0.15 g-L™") . MgSO, - 7TH,0(0.05 g-L™ "),
fHEICR (1 mL-L~") f1 ROX. fHEICEALIA
1 LK% 429 ¢ Na,EDTA, 1.99 g FeCl, -4H,0,
0.08 g MnCl, -2H,0. 0.02 g NiCl, -6H,0, 0.02 g
CoCl, -6H,0, 0.02 g CuCl, -2H,0., 0.07 g ZnCl, .
0.02 g Na,MoO, -2H,0, 0.03 g Na,WoO, -2H,0 F/I
0.06 g H,BO,. BB Bt 4k F¢ i fift %6 ( dissolved
oxygen,DO) 7E 2 ~ 4 mg-L™", IR BE#HI7E (25 +
1)C. REHztT 3 AR, A 2 A8 559 5 W gk
HKAINH, -N . NO, -N, NO, -NA1 COD, 55 3 J& ]
ik W 3 A% = &URT COD Y224k
1.2 # Ao H

NH, -N, NO, -N. NO; -N Al COD % F /%t
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JEVEEAT A 50 20 07 5 AR 23 7 7 B A0 NH,-N
K PR EC ) 2 0 vk #E 47 20 BT s NO, -NSRHT N-(1-
ZRAE) - T A AT 43 B s NOS -NSR B 7
W3 4 €8 ¥ iE 47 43 Fr; COD R H 2 8% IR B0 7k dE A7
I
1.3 FEARICEERT DNA $2H

TE5 3 JRIE AT 45 o 2 B SR A A Ak BER 1Y
TS JRES R TR T - 20°C M ARAE. R Fast-
DNA®  Spin kit for soil (QIAGEN, CA, USA) DNA #
BB G, i MRARAE U0 BH 4 JBOTE P 5 A o 14 ik [
2 DNA. i#iid Nanodrop Spectrophotometer ND-1000
(Thermo Fisher Scientific, USA) il 52 DNA ¥ & F14li
. $2EUY DNA fRTF T - 20°C LATF R 2200 #r.
1.4 ¢PCR

AIRE KT AOA F1 AOB (1) amoA FEH #E4T qPCR
ST, BT FHAL#S A Stratagene MX3005p thermocycler
(Agilent Technologies, USA). AOA Fl1 AOB Jit 11
5191453 5 h Arch-amoAF (5'-STAATGGTCTGGCTTA
GACG- 3')/Arch-amoAR ( 5'-GCGGCCATCEATCT
GTATGT-3") fil amoA- 1F (5'-GGGGTTTCTACTGGT

GGT- 3")/amoA-, A2Ri(5' CCCCTCKGSAAAGCCTTCL_W

TTGE3') , 4 4 Eq H i B e 43 ) 96139 Hn
491bp. 455 A7AOA il AOB amod HePHf IR
qPCR 447 (R ﬁ*ﬁmﬁlﬁé&%/@j&ﬁk L 4]

WEE TR I 8 S P DK 6 ok 10 45 bl Hi |

*ﬁe@iﬂ*/ﬁﬂaiﬂ%méﬁél’]ﬁ/ﬁnu ?E*T@nu%ﬂﬁf &

WIRE ST DNA Bt 55/ RE G T 3 . T
HERE S DL G B K AR . qPCR A9 I 94 1k & 4% B
GoTaq Green Master Mix qPCR ( Promega, Madison,
USA) Ui BRCH]. qPCR F2FZWLICHR[12]. AOA
1 AOB 194 BERCR 58 111. 70% A1 102. 80% .
1.5 AOA F1 AOB amoA JE[F % Mumina f=yif #7
AR I P B SD . 30 wg-L™' (C1) F17000
pg-L ™' (C2) ROX b B i) B i £ 17 AOA I AOB
amoA FER ) Mumina &8 &M F. 7% AOA 1
AOB 1 amoA 3L #E4T PCR ¥ 14 (51 #1A] qPCR 43
Br). AOA 1y PCR ¥ 3 K &~ 15 pL TransStart
Fastpfu DNA Polymerase ;3 wL A [0 5413 wL 7]
519520 ng DNA ; A JEFR S K 7K AP 2 2 30 pl.
PIFEY H.95°C FiAZEYE 2 min; 95°C A8 4 20 s,
53CiH k30 s,72°C #EfH 30 s, 335 NMEH ;7290 F%
J S 10 min. AOB A4 4 {AK % 4 .0. 3 pL Pyrobest
DNA Polymerase; 5 pl. 10 x Pyrobest Buffer; 4 wlL
ANTPs (2. 5 mmol - L™ ) ;2 L Bii 15141 2wl 5 [

514;30 ng DNA; KB K4 E 2 50 pl. ¥ 8P
:95°C THAEHE S min, 95C74EPE 30 5,56°C iR k 30
s,72°C LA 40 s, 3L 25 NEPR;72°C e Jm FEAH 10
min. K PCR 2645 HI T SEREA SO AOA
F1AOB B ¥ 3F- 55 435124 Tllumina HiSeq 2500 1
MiSeq PE300 , B3 i 132 K 43 71 24 250bp F1 300bp.
SB AR 751 2 BR 51 90 A barcodes S, K5 XU )
P T SN EA TG 1 PR R i A PRI TR i 41
Jate B89 2% 51, F A Quantitative Insights into
Microbial Ecology ( QIIME ) #4781, AR 4 ¥ 51 97 %
AARRL BE K1) 438 VE /3 25 55T (operational taxonomic
unit, OTU) . ARHE= A OTU 43 H TR o ZHE
PEF B ZHEHE.
1.6 JFPIERS

AWITEARIG WA amod FE N B EE L g2
NCBI Sequence Read Archive(SRA) J%EEF T“ﬁﬂ)"*
S5k . SRP095228. =] §
L7 Bt

ABFTER I RO (3.2.2) #17, Ver},ﬂ' X BT
Heatmap ﬁ‘*ﬁ U & }Lé%ﬁ‘*ﬁ ( redundancy ana,}ysLs',
RDA). | 4

2 %'ﬁ%*ﬁ 2R’

2.1 ROX ﬁ*ﬁ;ﬁﬁhﬂiﬁﬁﬂﬂd’ﬁﬁﬁﬂ Wi~
AT Fhb B4 IS AT 3 I, S T )
PANH, -N 56 4= 25 B 04 i (197 2, B 451> Jo 1 45 o
Je, A T[] ab 3R A B g s i K NH -N B[ 0
mg- L' A ET 2 A A R O 48 32
TR 6 h( B A BoR) . 7255 3 JAIAT, 535
Xof g A AL FHL P 52 I A M S B Y = &R COD (1 22
AL (B 0.5 h BL—UOKAEE) 855 niE 1 s . 5
X (0 pg-L™") M L, PRBE MR (0.3, 3 A 30
pg-L™") FTFR 29 B (300 pg-L ™' F13 000 pg- L'l)
) ROX 7 X NH, -N 2B 18 sl BH 8 i 2 . e 56
JAIIRE 33 LA BE ROX ALY 52 1 2% FHNH, -NE’J
LBREFEIIR 6 h; MW (5000, 7 000, 9 000
F112 000 wg-L~") ROX AbFH A 52 7 5% NH, -NAY &
BRAFIE] 2 HE K 2 16, 28 | 34 Fl1 32 h, 43l & Xt 8
HK2.7.4.7,5.7 5.3 £, RIS E R ROX
XA AW R I RIAE . AR A& ROX 1Y
TV RSCR I A Bt 5 e J3E 1% 185 Jon vy B S 1458 A vk
7000 wg- L~ BF, ROX X2 S0k il 3 1 55 7 e
%. AR ROX B K #5 HNO, -N | NO; -N
Al COD RIS fL L HE 55 R A P AR — 3. 2% |- fr
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40T
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NO; -Njfe B /mg-L!
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COD#¢ Jig/mg-L™!
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70 5 10 15 20 25 30 35 40
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X SEAAE ™ R SR TTHC v R B2 1) ROX W24 4
AAE R 7 A= B 5 e A .
2.2 ROX J&uhdixt AOA F1 AOB amoA F[H F
P 5 )
qPCR Y45 5% (LA TF) il 2 frs, SD
AOA F1 AOB 1 amoA PRI #5 DI% 53531l 4y 1. 02 x 10°
copies+g ' Fl 6. 14 x 10° copies-g ™", AN [ ¥ J&F ROX
AEEEE) AOA 19 #5 DLALAE 9.39 x 10° ~2.01 x 10
copies-g JEFIN. 5 SD FIXFHE R #5 (1. 27 x 10°

Concentrations variations of inorganic nitrogen and COD during one operation cycle under different ROX levels

copies+g )M EL, FRBEIRE (0.3, 3 130 pg-L7")
A AR (300 pg- L' FI13 000 pg-L~") IS 7
T AOA 5 DUEU S MG S K e s, F0mh 0. 3 pg- L™
ROX #bHE() AOA #5 D1 % (2. 01 x 10° copies-g™') &t
f s BT EE (5000, 7 000, 9 000F112 000 pg-L~")
ROX AbHRAY 2 B 5 h AOA 2 DA B A1 F Hoe b
FH 4 ROX #EFE 49 000 we-L ™", AOA $% Il i i
&4 9. 39 x 10° copies-g ™", 156 B 45 =5 MR B (5 000 ~
12000 pg-L~") A9 ROX #l4] T AOA 34K, AOA #%5
DR AR R R B 4 JR I NH, -N AR {0 A — 2, B
A e FEAY ROX HI7RI NH, -N 2 55 A4 ] it 30 7 1
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AOA BB K B AOA ] figfE & A ki fErp i
—EAEH.

AOB B2 DL KL fE % ROX ¥ B A 16 hin 52 R F&
ORI AL PR AOB #5 U1 B [l 7F 8.42 x 107 ~
7.10 x 10° copies-g ' Z[i]; Hor | 5 SD FIXT HRAA L,
0.3 pg-L™" ROX 4Ly AOB ¥4 Ul ¥t =, v 8. 24
x 10°copies-g~". X5 AOA f5E G245 R —5, £ W
WEE R I ROX MREEHITL T AOA 1 AOB Ay
. ROX A 12000 pg-L ™" Ao AOB )45 Ul
ik, b 8.42 x 107 copies-g 1, S X B Ab B A
AOB £ D1EY 1/10. A[AHeEE ROX A FEAY AOA 1Y
FE¥REST AOB [WFFE,AOA 5 AOB 1Y L4
FE 1.66 ~ 11.91 Z 6], H AOA/AOB /)% bifi %
ROX VR EESE NG 0. 25 b Prik | PREE vk B A 45
WE ) ROX I T AOA 4K B sn e B 1Y ROX X
AOA JZHERIHIER ; Wk T 0.3 pg-L™' Y ROX, H
AHEE B ROX ¥ %F AOB 7= 2 44 V5 FH, BBt %

2.3 ROX & Ihilixt AOA F1 AOB amoA FEH £
PE ()52 )
PEHL SD, C1 1 C2 3% 3 4~k S EFT AOA FI
AOB amoA FF ) Mumina E@EEMF. 3 DMESD
155050 819 ~ 66 095 55 AOA F145 693 ~ 76 716 %
AOB G 74, LUsR /N E 9 Bk Al R
AT — )T, BAFE 5L 53045 2150 81945 AOA FiI
45 69345 AOB 4. LA 3% (IR 154 4 RE A b
AOA F1 AOB ) o ZH£44 (OTUs, Chaol . Shannon
PD_whole_tree FIWLELE] PR ) , BAR(G Ban 1
Ji7R. AOA WIS AnEl 3 (a) Fian,3 ASFE S
(A i 1t 2 AR Ik 21 T 5 10 i B R R AT LA
AR ZREPE. SD 2455 76 4~ OTUs, C1 155
68 I~ OTUs, C2 {Xf5%1 38 4~ OTUs. SD H1f# OTU ;Az
M BT C1 A1 C2. B Venn FAFI[E 3(c) ], C
Fr9 OTUs # C1 A SD 3647, [AIIF C1 H (9.0TUs 1
BERE S SD 2E47 I ROX FRMET AQA bt

ROX Vi I 48 1 0 ) {1 4 13 35 S 1 404 Xf Pe. P4 (a) P80 KT 0.05% B9 AOA OTUs
ROX MY 2 1 = T° AOB. ) heatmap 14 FH % Pl W K1, 76 3 AKE EP,;’OTU73
' S A B OTU,E #ﬂﬁﬂﬂ“iﬁmﬁ’) (~)TUs ﬂs‘ﬁ‘
T s . OTUT7L, 0TU158 Fily OTU169. OTU33. ORU104
org | a0B OTUI21 . OTUI7S OTI:L290-+5FH OTU41 43 7] J2 8D & B
_ . C1 £ R OTUs (R AT 17E C2 Rt F i
Y| LI 1% o e st Do gomttox s ot o ware g
Ei le+8 - g AOA HYZ A8 . ~Shannon $541— J7 1 0] LA R RE
= | L = b e R B B R s 93— T T AR B
T el T TR B A PR BCE R T LU
Shannon 85, [F] B ) A 22 [8] %) 347 ) B 386 i 2
gtz g °eao2m2s2g88s8¢gs i Shannon F8503E 5. 2T SD F Shannon F5%%
el T 0 & o 8 B4 1,60, C1 9 Shannon FEURAL A 0. 91,C2 1y
B2 7[E ROX REMKMEEH AOA Shannon 5% = A 1. 42; C1 f) Shannon #5801 T
AOB amoA HRE LR C2, EHIRIR B2 1Y ROX FEMIE T C1 AU TR g 19 4
Fig. 2 Quantitative analysis of AOA and AOB amoA SRR C1 P R B A0 B G, M T
genes under different ROX levels Shannon 5% [IC.
F1 3NEMSREQNONFEER BRSNS
Table I Raw and effective sequences, numbers of OTUs, Chaol , Shannon, PD_whole_tree and Observed-species of three activated sludge samples
i H FEmAR  SREFIE B—EFE OTUs Chaol Shannon PD_whole_tree TLEZ 3] 1 4
SD 50 819 50 819 76 247. 63 1. 60 3.10 137
AOA C1 66 095 50819 68 215.33 0.91 2.95 146
C2 53257 50 819 38 212.62 1.42 2.30 147
SD 45 693 45 693 291 342. 04 1.77 108. 55 291
AOB C1 49 642 45 693 640 799. 28 3.25 290. 70 640
C2 76716 45 693 799 1031. 23 2.84 281.56 799

AWFFE T 3 FEER I AOA JFF AT LIS K 6 4

B[ 5(a) ] : Nitrosopumilus maritimus ( VRO ESNE Ny S]
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0.17% ~

gargensis

5.79% ). Candidatus
(57.61% ~ 90.57% ). Candidatus
Nitrosoarchaeum koreensis ( 0.06% ~ 7.25% ) .
Candidatus Nitrosopumilus sp. AR2 (0.13% ~
34.8% ). Candidatus  Nitrosopumilus
(0.01% ~ 0.02% ) # Candidatus Nitrososphaera
evergladensis ( 0.01% ~ 0.02%). H H Ca.
Nitrososphaera gargensis J& 3 I~ #f fh ' e T 2 /Y
AOA. 7E C2 "1, Ca. Nitrososphaera gargensis %) #H X}
B R, |k 90.57%. i /E SD P, Ca.
A0 X RO B MR
57.61% , Bi W] ROX #l ¥ T Ca.
gargensis 1 & (AHXTFEBE N T 32.96% ) , 7E SD
B H e A9 AOA 28 Ca. Nitrosopumilus sp. AR2
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koreensis
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Jr 3 H
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(34.80% ) Ml Nitrosopumilus maritimus (5.79% ). %%
MiFE ROX J 1 w552 W0 K | Ca. Nitrosopumilus sp.
AR2 7E C1 F1 C2 7 FRAR XS = B B i 9l /) 28 4. 47 %
F10.13% . Nitrosopumilus maritimus B9 A0 XT3 B
SD H1HY 5. 79% Wi/b & C1 H Y 4.53% , HETE C2
hoE i, X UL Ca. Nitrosopumilus sp. AR2
Nitrosopumilus maritimus % ROX [ 1% & H 35 .
A2 Ca. Nitrosoarchaeum koreensis 7E SD F1 C1 H1 [
FEXFHEBEAL L 0. 099% F10. 06% SR T, 75 C2 AR
XHEFEHA A 7.25% , B Ca. Nitrosoarchaeum
koreensis JEXf ROX M 3Z PE 58 9 AOA. ARHFFEAE
SD Fil C2 " A I 3] Ca.
(0.02% A1 0.01%), {4 C2 4 0 2] Ca.
Nitrososphaera evergladensis(0.01% ).

Nitrosopumilus koreensis
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800 |-
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Fig. 3 Rarefaction curves and Venn analysis of AOA and AOB in three activated sludge samples

XFT AOB T 5,3 A HE L5 3] 291 ~ 799 4~
OTUs, Hitf C2 9 OTUs #4799 4>, SD HJ OTUs
AN 291 4~;C2 M1 CL ) OTUs (6 1 R ) B2 =
T SD, 6 RS v B R 1 Vi B2 119 ROX 45 AS [ 2
BEHBIEGI T AOB M Z A1, AOB Ffi il il £ 4n 1]
3(b) 7,3 AFE S A Bt 2 AR A3 1 S,
VLI AOB AT IR BE AT LIAC AL S P AOB (£ KE
PE. 1 Venn 2047 [ 13 (d) ] I, A 100 4> OTUs [A]
i 3 eSS ;SD 5 C1 AT C2 21/ OTUs 43

Bl 32 N1 52 AN, T C1 AT C2 Z A 4547 f9 OTUs
K230 4~ QI 4(b) B, 3 ANEER T R R
OTU & OTU17, H ¥ & OTUl168, OTU1228.
OTU128 F1 OTU605. OTU674 “H¥E & SD FFE Sk C1
A7 HAE SD AT FE EER . LA, OTU1041 |
OTU357, OTU483, OTU516, OTU532, OTU804 .
OTU610 A1 OTU1050 ¥ i #LAE SD w5 i OTU92 .
OTU886, OTU833., OTU501, OTU428, OTU218.
OTU108 F1 OTU1032 X3 A 7E C1 5 C2 HrAH X =
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AL A OTUs HA OTU92 1 OTU915. ASHF
e, BAR C2 1530 OTU ¥t &, (H i E 4 (b) Al
I, C2 AR BE R T 0.05% 9 OTUs B & /b F
C1 M1 SD. X168, ROX AbHF SR i T AOB 1
OTUs MY ZFE R I ARG N £ 2 OTUs B FFE. 3
AMFE AL 1Y Shannon 8 54 53 %I 24 1.77 (SD) |, 3.25
(C1)F12.84(C2).

(2)

(b)

sD Cl Cc2

E4 3 M OTUs( >0.05% ) 53 # kY heatmap 5 4F
Fig. 4 Heatmap analysis of OTUs( >0.05% ) in

three activated sludge samples

AHF G o A 3] 10 F AOB[ B 5(b) ],
Nitrosomonas eutropha J& 3 MFEf i E2 A AOB;
ROX JEHE A N, eutropha HYAA RT3 B i SD iy
76.71% 43 ) R &% 54.22% (C1) F157.87% (C2).
AN, B B E A AOB A Nitrosomonas ureae
(7.58% ~ 14.17% ) 1 Nitrosomonas aestuarii
(1.84% ~2.72% ) ; 7& ROX [IEFEIE R, & A

Xf E R TR % X UL H | Nitrosomonas J& T N.
eutropha . N. ureae Il N. aestuarii 7&%f ROX U

AOB. A 5% b H & XF ROX & AOB W
Nitrosomonas  europaea ( 0.00% ~ 0.56% )
Nitrosomonas ~ stercoris ( 0.02% ~ 0.10% ) #l

Nitrosomonas nitrosa(0.01% ~0.10% ) , & AT A X
FEEREE ROX W B8 i+ B Brit 24, 78
ROX IR R T, I a B AFFEXT ROX T 52 Pk

R4 AOB, 5l 41 . Nitrosomonas oligotropha (0. 33%
(a) AOA

1. Nitrosopumilus maritimus 4, Ca. Nitrosopumilus koreensis
2. Ca. Nitrososphaera gargensis 5. Ca. Nitrosopumilus sp. AR2
3. Ca. Nitrosoarchacum koreensis 6. Ca. Nitrososphaera evergladensis

6
ssd ¢ p SD

3]
:;u
-
1
(b) AOB
1. N. ureae 5. N. nitrosa 9. N. halophilus
2. N. aestuarii 6. N. stercoris 10. N. eutropha
3. N. oligotropha 1. N. europaea
4. N. multiformis 8. N. watsonii
. O

E5 AOA 71 AOB FEMKFHIMHXT EE
Fig. 5 Relative abundance of AOA and AOB at genus level
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~ 4.15% ) . Nitrosococcus halophilus ( 0.37% ~
0.52% ) . Nitrosococcus watsonii (0. 06% ~0.43% ) Fl
N. multiformis ( 0.00% ~ 0.08% ). H 1 N
oligotropha H1 SD HHY 0. 33% HfINZE 4. 15% (C1) il
2.58% (C2). £ LRIk, FEARBE TR T N
oligotropha , Nitrosomonas J& i) AOB #BJ& T X} ROX
B AOB; i . N. halophilus . N.
watsonii A1 N. multiformis WX ROX UK.
2.4 AOA il AOB IIRE& 45 SNSRI
RDA 73855140 6 7 , % T AOA Tl 75 ,
T Ca. Nitrosopumilus koreensis #1 Ca. Nitrososphaera
evergladensis A% A X 3 FEAR A (0.01% ~0.02% ) ,
PR o B b AR SR . K 6 (a) BT,
FARARE 1A AR bR 2 X T AOA FETE L5 AR 1k
[ RERER 99.10% F10.90% . SD, C1 1 C2 Z ]
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Fig. 6 Redundancy analysis triplot to investigate the

ecological correlation between abundance of ammonia-

oxidizing microorganisms and environmental factors
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