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Abstract: [Background] Anaerobic ammonium oxidation (Anammox) is one of the important processes of
nitrogen cycling. Previous studies have confirmed that anaerobic ammonium-oxidizing bacteria existed in
various habitats, but there is no comprehensive understanding about their ecological distribution.
[Objective] In this paper, we analyzed the diversity distribution of anammox bacteria in multiple habitats.
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This study will demonstrate the characteristics of community structure of anammox bacteria in different
habitats and will illuminate the relationship between diversity distribution and environmental factors.
[Methods] Based on the established anammox bacterial 16S rRNA gene sequence database, high
throughput sequencing technology was used to analyze the diversity distribution of anammox bacteria in
different habitat. [Results] The diversity of anammox bacteria in mangrove, bay and estuary habitats were
relatively higher than that of sludge and red soil. Anammox bacteria in these habitats were dominated by
Candidatus Brocadia, Ca. Scalindua and unclassified genes based on the phylogenetic analysis. From river
to mangrove, the dominant species of Anammoxers shifted from Ca. Brocadia to Ca. Scalindua with the
increase of salinity, and redundancy analysis showed that salinity was an important factor in shaping the
community of anammox bacteria. [Conclusion] The community structure of anammox bacteria is different
in different habitat, and environmental differences directly affected the population distribution and the
evolution of anammox bacteria.

Keywords: Anaerobic ammonium-oxidizing bacteria, Typical habitat, Diversity, High-throughput sequencing

£ 1977 4, Broda MRIEIIIHIHE AT, HE
MTE B 2R A eb ] BEAFTE—F A SR BT, RETEDC S
PR L NOy 40 32 4484k NHL T, 1995 48
Mulder &5 UK FE V5 7K A 322 G0 Hh kI3 i 5t 2Rk
7%, I 4 oM IR & % fk (Anaerobic ammonia
oxidation , Anammox)™ . # — & i BF 5 IE 52
Anammox LT FRRAYERM R, HilFit
TRFNHL T2 402 NH, A1 NO, P, 2002 4,
Dalsgaard %1 TE BSR4 b & P Anammox it
FRIFAEN, R RESE TS £, Anammox 7E
FRAER RGP 200, il E S R 5T
WO AR ARG, gokEsRE | +
B BRGNP R — e R A g, Al
IR . RSN, Anammox 19 & BT
e 1IN S A 2 Pk — Tl A= P R i A i AR Sk
W, X R ER AR A B E X, JF R
K Ak B e HAT ) o] I 5 o

PRAA SR AL AN TR (Anaerobic ammonium-oxidizing
bacteria) /2 RA W, ZWAEKZEE, £A5KEEHELT
LG A W oy B G 3% 1 SE R A 57 0 1999 4R,
Strous 451} 16S rRNA JEPH #EAb b Rk Fi:
YyJ& T 175 i1 ] (Planctomycetes)!'™! . 4K B IK
AEAANEA 6 &, {4 Candidatus Brocadia.,
Ca. Kuenenia. Ca Scalindua. Ca. Jettenia. Ca
Anammoxoglobus 1 Ca.  Anammoximicrobium
moscowii, H Al & IR A & AU R TR A S AR

Gorp AR HESR R TR R, SRR R LR TN
30%-50%""% 5 {H I Bl BE 41 A L 4 —, Ca
Scalindua J& i Fu ] 5 e X p g, S H A 5
S PR TR SR AT I8 T 0 A S 2R 25 R G g vl
SEF AT IR K FNHEIK AR B R 15 4 F 0 T2
FEAWARAL T GE A 2R DR A e A A
MR EE . BEsE £ 8, Ca Brocadia. Ca
Kuenenia, Ca. Scalindua %5 £~ i R A & A1k 40
LR X — LB S L Aok A
BRG P IRE S A AN R R B AR i 2R
7K~¥, Ca. Brocadia, Ca. Kuenenia, Ca. Scalindua.
Ca. Anammoxoglobus J& Y8 k5l £ . Schubert %5 ¢
URAEIR K R 5T H G 31 R AR e A AL A A7 e, L
KZ%H Ca. Brocadia J& , Xt &L Tk R
MEPERR AR AN, FENRHL . ARHI . B
P AR 25N R ) 498 25 25 2R 0 Hp A 31 R
S AL ANTA B>, SR, H R T
BREGH Anammox TR iLE D, HE—E
TR BE T Bl P 114 1 338 v & 30 DR AR SR AR At 1 1 53
i, FWT DA R AL AN T S A5 1 23 ) St
kTR A MR s DR AR SRR A R E A [ A
B2 P B4 A RRAE X 2 2 Rk R A O P A kA 7 T 4
SRR RGN, K IR R A e v LA 3R [
(AR VR 25 AR 2L o SR T S BT AT 98 B 2 i e A
BRI ST A4, T AR S T e B SO R, X
FAS ) A= 45 v DA AR T 2 M 40 A AR E

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



6 SCIEI S5 g e A P A 22 i R A 35 o PR AR SR A A T 1) 2R A R AE 2867

ANERGEFNRA, 5 LM JE— 2B AR A T
S TR R DR A S A T A [) A 35 v 1 23 A R E
FEAESIIG AR . AT T LM S RS L
B OASRG . WnAESRS . HIEATSRS
N AR ZS R G045 22 Fh SR A B O it 3l 2o Xof PR
A EALANT 16S rRNA JE K [ sl sy, #F5%
2 LY AR 58 T DRARU S A AN T Y 2 FE PR, OF
GG I 25 53 W PR DR 0 DR A AR AL A TR A
TR AT SN A S R AT A [ A= S5 v IR
A B AT 1Y 2RV S AR IE DL R B BRI
Z 18] 1Y) 26 FR PR HERE LA
AR
L1 #EXESEE

JITFARE S Y SR TR Py s - 48 eI T 2T
BEPR IR T A R 6 Rl A
BeAt 15 MR 740 . Mrosl F1 Mros2 # i %
TR I LLRAR I ; JZB1 #1 JZB2
FESLREE TS ; PRI, PR2 Ml PR3 FESLRET
BRITIT; DIR1. DIR2 Fll DIR3 FE 435I T4
T EUE . Wi FUF; RST M RS2 AURESL RET
WA ARBH T A2 38 ; HC A HN REE FARLI
WA N TR e s WW RS CSRE T Ml
TEKT 150

XL R AR IREAE RS G I E TR
IR, AR UR B E, KGR o 5
B%E—80 °C f’fr. —HB/HE M T H L 2 E I
FE, —H5r T DNA MRS 220 40 1A )2
SEE
1.2 EERXFIFUER

PowerSoil® DNA Isolation Kit, Qiagen 23] ;
GoTaq"” Green Master Mix, Promega /A 7 ; TaKaRa
MiniBEST Agarose Gel DNA Extraction Kit,
TaKaRa /2] ; PCR 5|#)H Invitrogen 23 Fl-& .
PCR 1%, ABI /2 ] ; NanoDrop # 2 & 1%, Thermo
NH); BER S A5, Bio-Rad A F] .
1.3 IR{LIEFRAYNE

FE SR A A PEAT505:(5 000 t/min, 5 min),

B0 I 1) 1 38 WA T B A8 R D 5 o B
() BE R FHER T B, NOs i I 2Rk AR
S 2% N7 1) /AR FR S S PR I R KA I S i
BRER MR (15305 NO, We AR (TR A AL
5 GB/T 12763.4-2007 ) HLE ) 25 2018 Ak I
FE 3 NH, R A R /IMAC 2 34 S D o 7K 4 s i
PR I b A7
1.4 #£5 DNA $ZBUA0 PCR ¥/ 1%

FRECOTRR B IR L 2 0.3 g, #%R11E
DNA 25U 7] £ (PowerSoil® DNA Isolation Kit)#
VEVE A B IBORE A PG 2 DNA KRR 1 5 DNA
VRAE 50 uL JoiZ IR /K 5, FFH NanoDrop iR e
HUME DNA WS, $RIUS ) DNA e
T80 °C {47

PIFRICY) DNA fid, R PR A b4 Td
16S rRNA LR 1)— XRS5 ) A438f (5'-XXX
XXXXXGTCRGGAGTTADGAAATG-3") il A684r
(5'-ACCAGAAGTTCCACTCTC-3") X} k¢ & #F 47
PCR § 3P4 Hih XXXXXXXX H 8 kL1
P27 51 (Barcode), BN {# H11Y Barcode J7
HERIE AR, DAAE X I 22 2 i R i e 91 F
5008 %o R SebE b, 38 A A I [A] A= 5% 1
Anammoxer*>?® | PCR Jz J¥ & & (25 puL) :
2xGoTaq” Green Master Mix 12.5 pL, 10 pmol/L
FIE . S5 #1451 uL, DNA b 1 pl, {5
MR 4l K #h 2 3 25 uL. PCR Jwi 51 95 °C
3min; 94°C45s, 49°C45s, 72°C45s, 32K
FEFR; 72 °C 10 min, PCR § 3421148 1.2%B 50
B HL VKRN BB Yo f5 FHBEIS iR R A T IR IE
FFiz BEFEAS B AR 7 BB X B0 IE 5 9 PCR F=4 ik
TPAIRL EEBR A, $4 AR R AN PCR F=W7E SIS
BLAR ZR G 5L B SR B 5544y R 1-4 DUASE
G, ARIIMA 1-4 590 PCR =91 2, 4, 6 Fll
8 uL IR A o A IR SR A )5 19 PCR
FEYI U aliA, Al e T e
I -5 4 Hllumina HiSeq pel50, ZZFGondH 4xMEZRY
TR A BRA F 588 #4152 Anammoxer 16S

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2868 TEY I8

Microbiol. China

rRNA KL i Uy 25 R P2 58 2 NCBI SRA (%
S5 PRINAS06364).
1.5 SEENFHIENACIEM S

X 1o 30 W P S R A T A BT, T A AR
AL 16S rRNA LR S50 . e T
20 AR R FM SIRAAEMHMHEARR AR 2
FEPE 3 A WS BARE G SCIR , AR 4l SOk Hh A A7 A IR 4
SALANBE 16S TRNA JEH 15515 G4 751
Bk ARIEEE), 76 NCBI JEREH7E FF A1
KIEH P, BILREET 12 614 55751, X7
HI4e A A BRAS [ A2 DX I ANAS ] 2R R G AR 55 L
S&, M GenBank H# % i N 40H 1 43 2 5l AR K
F2 0 RAR AL AN AT 16S TRNA KR 5 4R g Fib 7
J¥51; #RJ5 ., M FunGene % EH T3 C A BYFF
BERE S Anammox R A 5 RS0 Br A e o)A
FH Mothur 364 74 , A2 R AR 2 A AL 41 TR 16S
rRNA SN S 5040 .

R 3 T P A g i AR S, F R
Mothur #4(V1.39.5) b5 45 4F T #2 X 7 41 ik 4 7
AEFRFI GBI o (1) 2 REAL 0 DR A 2 SE AL 40 TR 16S
rRNA JER S5, #11 MEGA 7.0 #/Fi
TIN50 (2) XFEEAAE b )7 04 B A7 4
i, MR &P I sl L, I 2
% Barcode /¥4, (3) ik 2B ITAR F A Mk &
KIFH) . (4) 18 ML p R 2 AL AT 16S
rRNA RSB 5, 08 R 5T 51 I I 28 F
JEAE s B —RE TR NP5 IR A Ak
P 16S rRNA JER S HHE R LU, Rl 53
AT BT {5 FE 3R 80% LA 3% )7 5 F g 15
oo (5) VBT HI W Z B AR LR, A R
FEMESCPE . (6) A4 A BE B R, Xy 5 it
1T HRAE 43 25454 B0 (Operational taxonomic units,
OTU)RZE, HMEEIE N 97%. (7) id gL F 1
OTU, ZMEFHEACH 5 1 OTU, B FEE OTU
ARERITH], (8) JETIERA OTU FEEAFE S h
BIFEE, HEREN TR o ZREPERE S T AR
¥4 #r (Principal co-ordinates analysis, PCoA)if

17 B ZHEME T

R 0 5 o o e mT S AR O 00 8 I s S
JE ARSI s MR S 9 T B il e m] BT A o 1Y
Wb E RS it RE T EA R b
OTU MJF A48, RIS 3£ H i rp AR 2 AL At
TE B A A £ B AR LT OTU MRS K
BRI, AT AT AR RIS [F] A BEAE A IR AR
AN B BEVE S5 R AL . f# ] Origin, Excel
R AT IR H AL TR 1 o ZREMER B 24
PERAOCE 22l . 78 o Z2FEVESEART, R Ace
F6%0. Chaol 8% . Shannon #§%% . Simpson Z ¥
PEFRHCHIMT I & ZFE1E . T8 B 2SR IR, #
FH AR FR S BT (PCoA) LA A4 w1 FF V& 1 22 57
4 OTU R LA RS HE AL OTU Atk
UL, FEEHE B ZHL, (] CANOCO 5.0 %k
144 BT s M IR A 2 SR A 2N TR RE 7 25 B oy A Y
ABTRER

2 ZR545H0
2.1 IBICIEFROHT

SEEGIARI 15 ARSI EALFE AR B an 3R 1
FiRo. S5 RFM, bR TLIMAR, SR AN R
BEAFAERL R AR R, LA AR A Nl i Eh BE RS AL AR . A
%R JCHL A (Dissolve inorganic nitrogen, DIN)AYJ
i, HN FERBILBUKA NO; YR HLBRIA, =
ik 1500 pmol/L; T JZB1. JZB2. DIJR1. DIR2,
DIR3 fLER/KEY NOs WA m; AILVEH: JZBI
() NO; H & B AT JZB2, 1 DJR1,.DJR2,DJR3
(1) NOs B 220 mAR B i s FrAFHEhBR T HC
M HN 4b, NO, R EARHLANAT; NH, ZEAR
FE P 220, FEARTL L BRI O AR 5 (1)
TR o B .
22 REFFENHERZHMEERIFE

X SIS A TRE SRR T o ZREMERR RS .
AR it 1 J5L 45 e 4 R R BE AL 1E 10 000 2% i
Frorre 2 R, JFAG P AL B s, HEGTY
HIELAE 7 529-9 198 Z ] A 5t i OTU U7 55-127

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



N QESE T Bk el g IE 2 LB Bt le o ot SNE SR <R ek i[O 2 2 d A R R (1

2869

Fz1 RELSNELESH
Table 1 Physicochemical parameter of sampling sites
FE G 4z EhEE /&N fiE§ R L AR ER HERRGATY

Sample Longitude (°) Latitude (°) Salinity (%) NH; (umol/L) NO; (umol/L) NO, (umol/L) Ecosystem-type
Mrosl 114.78 22.83 2.223 1.54 0.97 0.51 ZI Bk Mangrove
Mros2 114.78 22.83 2.477 1.29 3.71 0.52 ZLF Ak Mangrove

JZB1 120.28 36.29 3.110 3.12 8.45 0.38 1% Bay

JZB2 120.42 36.35 3.111 12.28 30.95 0.74 1315 Bay

PRI 113.51 23.03 0.015 29.32 92.09 4.17 ] I Estuary

PR2 113.75 22.52 0.501 4.52 10.45 0.63 YAl 7 Estuary

PR3 113.72 21.99 3.237 2.38 12.39 1.76 YAl 1 Estuary

DJR1 114.72 24.05 - 2.35 14.62 0.64 AT River

DJR2 114.60 23.16 - 15.67 68.37 0.64 TR River

DJR3 113.99 23.09 - 34.82 146.24 1.03 TR River

RS1 116.33 27.95 - 0.28 1.17 0.53 14 Soil

RS2 111.45 27.38 - 0.58 2.09 0.58 + 4% Soil

HC 113.63 22.60 - 15.23 1.23 88.72 ANT.R%5 Artificial system
HN 113.63 22.60 - 18.92 1 500.00 6.16 ANT.&%5 Artificial system
WW 113.35 23.04 - 1.34 2.01 0.98 NTIZRS Artificial system

I - YOKFEM, $HhE<0.1%.
Note: —: Freshwater sample with salinity lower than 0.1%.

#F2 TEHSDTHRESEEILMAE 16S rRNA EFE R ZHMIEH

Table 2 Diversity index of anammoxers 16S rRNA gene sequences of different habitats

Sample Unique sequences Coverage OTUs Ace Chaol Simpson Shannon
Mros1 8121 0.99 99 140.45 125.90 0.25 2.31
Mros2 8014 0.99 99 111.17 110.82 0.14 2.74
JZB1 7 898 0.99 127 144.78 145.65 0.05 3.49
JZB2 7 529 0.99 95 125.99 107.21 0.08 2.93
PRI 8 485 0.99 87 101.64 103.09 0.17 2.41
PR2 7 891 0.99 126 146.75 152.58 0.08 3.16
PR3 7 823 0.99 113 122.74 125.88 0.09 3.06
DJR1 9028 0.99 70 81.65 84.98 0.82 0.62
DJR2 8793 0.99 73 134.89 107.28 0.13 2.49
DJR3 9 057 0.99 73 93.67 87.62 0.75 0.79
RS1 9198 0.99 62 75.30 71.27 0.86 0.49
RS2 9188 0.99 67 92.51 86.37 0.88 0.41
HC 8092 0.99 66 73.42 69.67 0.19 2.20
HN 8186 0.99 58 64.57 61.99 0.18 2.27
WwW 9 088 0.99 55 89.64 71.12 0.88 0.42

Zla, g JZB1 AL OTU £, H 127;
HTR(WW)I OTU %R/, k55, MIF4s R
FITE 99.7%A I, R H B 2R E0R BT
TN, S MmBMZ& 0 1AFLE S, &Y
bEE PP A B 3E I, FESL T OTU s fin s 17 Fif
H PPV EE— N, OTU BUE It %z
WS SE , TR TR A, BB T RS S 5

BREEE 7550 e R KR it b i DR AR B AL 2 T 1 24
P, SR EER(>99.7%, W3 2) 4R
FHAF o 3R 2 S B [ AL B it v B S 1) 2R AR
feitathe. LMD RS (Mrosl . Mros2) ., S A
BRHKZBI, JZB2), WHAB RS (PR, PR2,
PR3)IX KA AGH Ace 5%, Chaol F5%0AN
Shannon #8 5CER &5 , 17 Simpson ZAEPEFE UK,
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Figure 1 Rarefaction curves (A) and grade abundance
curves (B) of the anammox specific 16S rRNA gene
sequences in different habitats
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Figure 2 Composition of anammox bacteria in different habitats in genus level
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4B4% (Neighbor-Joining) Ik A4 & R 4t & F W (K 3).
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®Candidatus Anammoxoglobus propionicus (DQ317601) Anammoxoglobus
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Scalindua

Figure 3 Phylogenetic analysis of dominant OTU of anammox specific 16S rRNA gene based on the high-throughput

sequencing

Note: This tree was constructed with a Neighbor-Joining method based on Jukes-Cantor-corrected DNA distances and midpoint rooted.
The scale bar represents 2% estimated sequence divergence. The numbers at the nodes are percentages that indicate the levels of

bootstrap support based on 1 000 resampled data sets.
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Figure 4 Heatmap analysis of dominant OTU of anammox bacteria in different habitat
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