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Abstract; Anaerobic ammonium oxidation ( anammox) is an important process regulating the balance of marine nitrogen and
ecosystem health, particularly under anoxic conditions. The Zhoushan Islands are located east of the Changjiang river
estuary, and collect a high load of anthropogenic nitrogen, which leads to severe eutrophication and seasonal hypoxia.
Therefore, bacteria that mediate the anammox process are of major interest in this area. Although the importance of
anammox-mediating bacteria is known, few studies on these bacteria have been conducted in the East China Sea. To the best
of our knowledge, this study is the first to report the diversity, community composition, and distribution of anammox
bacteria in the Zhoushan Islands. Field surveys were conducted in June 2012; triplicate surface sediment samples were
collected at each site and stored in sterile plastic bags at =80°C for subsequent DNA extraction and molecular analysis. Total
genomic DNA was extracted using the Fast DNA® SPIN Kit for soil. Environmental DNA extracted from sediment samples
was used as the template for PCR amplification of anammox 16S rRNA genes using primers Amx368{-Amx820r. The purified
fragments were cloned and sequenced for phylogenetic and statistical analyses. In total, 297 sequences belonging to 16
operational taxonomic units (OTUs) were obtained from five 16S rRNA gene libraries. The biodiversity of anammox bacteria
was examined using rarefaction analysis of the 16S TRNA genes, the Chaol estimator, and Shannon index calculations. EZ3-

1, EZ3-3, and EZ1-5 exhibited higher diversity than EZ1-3 and EZ3-5. A significant positive correlation between Shannon
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index and organic carbon content indicate that sediment organic carbon content plays an important role in modulating
anammox bacterial diversity in the Zhoushan Island area. Weighted UniFrac PCoA analysis of the 16S rRNA genes
demonstrated spatial heterogeneity in the community composition of anammox bacteria; the anammox bacteria in the study
area could be divided into three distinct groups. EZ3-1, EZ3-3, and EZ1-3 exhibited similar community composition, while
EZ1-5 and EZ3-5 clustered separately. The composition might be affected by distance from land and water depth.
Phylogenetic analysis indicated that anammox bacterial communities were dominated by the genus Scalindua (283 of 297
sequences ). The Scalindua cluster comprised of 245 Scalindua sequences with 95.4—98.5% sequence similarity to
Candidatus Scalindua brodae, and 36 Scalindua sequences with 94.5—97.6% sequence identity to the 16S rRNA gene of
Candidatus Scalindua wagneri. In addition, two Scalindua sequences that grouped in the Scalindua cluster were distantly
related to known Scalindua species, indicating that they might represent unidentified species of Scalindua. One sequence
recovered from the EZ3-5 library was closely related to genus Kuenenia, which is traditionally considered an anammox
bacterial genus present in freshwater or low-salinity environments. Our results suggest that members of the genus Kuenenia
may possess the ability to survive in high-salinity marine environments. Additionally, two clusters of unknown sequences
(unknown cluster I and II) were not classified under any known anammox bacterial genus, but were most closely related to

16S rRNA gene sequences recovered from arctic sediment and mangrove sediment, respectively.

Key Words; Anaerobic ammonium oxidation bacteria; Zhoushan Islands; Marine sediments, Diversity
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Table 1 Information of date, locations and water depth of the sampling stations

DA SR H L (°E) HPE(°N) JKI/m
Station No. Sampling date Longitude(°E) Latitude( °N) Depth
781-3 2012.6.25 123 30 49
781-5 2012.6.25 123.5 30 60
783-1 2012.6.24 122.55 30.78 20
783-3 2012.6.24 123 30.67 47
783-5 2012.6.24 123.5 30.67 53

1.3 DNA [HREURIY 14

U R (1—2 ) DLFRBIRE S, 4di FH] Fast DNA © SPIN Kit for soil (MP, 35 [® ) 2 BCUTARY) A4 DNA, i F
AAOB ) 16S rRNA JEFE 4S540 4T DNA 14 . Amx368F,5'-TTCGCAATGCCCGAAAGG-3'Fll Amx820R ,
5'- AAAACCCCTCTACTTAGTGCCC-3", 50 wl PCR VAR R 4155 :5 wl 10xPCR buffer . 200nM dNTPs  fij 5 5|
Y145 0.25 uM .1 U Taq 1 1 wl DNA #2504, PCR S 5514 :94 C 4 min;94 C 305,56 C 305,72 C 60 s,
30 MIEFR;72 C 7 min, 1% BB HHEERL L PKAEIN PCR § 3845 8 9+ F QIAquick Gel Extraction Kit( QIAGEN,
2 ) 4lifk [ DNA H B9 874
1.4 TA wRESMT

PCR [HI7 )5 pMD20-T #i/A ( TaKaRa) 4z, AL EEAZ AL E. coli DH5a( TaKaRa) , W4 F LB °F
W (& Amp IPTG Fll X-Gal) ,37°C 553717 , 0 156 Bk o oA ) Sl 6 A1 ot ol S8 5 BT AR %) B M v ik A T2
Y TRE (i) T
1.5 AAOB 16S rRNA E:[H 55120 HT

WP R4S 16S TRNA A P SI7E NCBI £54 % rhi#4T BLAST LEXF (http://www.nebi.him.nih.gov) , T %k
AR f5c i O P B 2 LU 81, v Clustal X #EFFDCEE HEXT . FH DOTUR AL AR B = 97% 1) e 51l 22
SUR—ANAFEBATT(OTU) 2 ek i B it . 1] MEGA4 - 25 R B . DR IRIRF 5 2 48
A& GenBank , VM5 KF029766-KF030062
1.6 ZHAESHT

JH DOTUR A3 B 254> 5 b SCZE I A ) Z2 FE A HE BR ( Shannon 1 Chao 1) ,AR4fE OTUs 43 #r 45 R AA
RSO E R TR AR,

Good =[1-(n/N) ]x100

A, n AR TERE OUT A%, NV RSP s S8 . AAOB HEVR AR S0 M RRAE [ ] Fast UniFrac i
o,
2 H#R
2.1 IREEFRRHE

WFFT MR 5 A RAFE ARG HIRBE AR 0] 43 Apn] ORI FE PSS (R 2) . EZ3- 1 v B KT N il , 52 &
VLA 5 M JES J2 R /KRR A v AR, A TR AR e TR e Wk 88 S AT 9 i 7 v e s, DR il SR 7 it 2
WFFEsh i e o HE 4 AU IRBERAE R 34 5)  BR BE R R B IR AR TR B I T R () Vi R R SRR AE L R
EZ1-3 F1 EZ3-3 W0l 5 FREh vk BE DU Wi | 0% g = T EZ1-5 Fl EZ3-5, 3R VT AR I 450 MR B B 1

http ; //www.ecologica.cn



4 A E = 35 %

S AT A —E BN W TSRS 2 /K 09 i SO E AR, e rp BZ3-3 1 EZ3-5 3l (i TR HAMR A X A%
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Table 2 Physical and chemical parameters of the sampling stations

PSR Environmental factors EZ1-3 EZ1-5 EZ3-1 EZ3-3 EZ3-5
JKIR Water depth/m 43 60 16 42 54
i B Temperature/ °C 18.54 18.65 22.86 18.44 19.00
Eh 2 Salinity 34.36 34.35 31.18 34.34 34.32
P4 Dissolved oxygen/ (mg/L) 4.28 4.29 4.16 3.61 3.79
fil§BREL* Nitrate/ ( wmol/L) 12.12 11.87 20.04 12.95 11.87
WEMREL " Phosphate/ ( wmol /L) 0.37 0.34 0.60 0.94 0.93
FERREL Silicate/ ( wmol/L) 23.21 22.74 24.08 23.33 21.80
4 LB Organic carbon/% 0.37 0.49 0.52 0.45 0.31
S8R Total carbon/% 1.29 1.40 1.42 1.48 1.11
S "Total Nitrogen/% 0.08 0.07 0.09 0.08 0.05
a: IRJZKFE ;b IR
2.2 ESUESZHES 20 AEZ1-3
BEXF 5 Al TURRIIRE o3 R v e SO | R AR ggg
1% 297 %% AAOB 16S rRNA JEHF41 , AR HEH T 41 A 6l <EZ3-1

EZ3-3
I =97% I3 —4~ OTU , L3R5 16 4~ OTUs, 5 4> 0

AR OTUs F 54, SUEHA AR OUT BE 5—8 1~z
] (% 3), FeRREE MR R 5 AR SO F T 1Y
SERE IR B BT A A (P 1) 5 ASTERE SCR B
BT YIRT 80% (% 3) , ZWIARBIS T # f3C
JEREA R SE I ST TR h 1 AAOB Z BRI, 44
SO (T e 5 BRI Chao 1 #8802 1A — e 22 5 (3% !
3) 45BN BZ1-5 EZ3-1 Fll EZ3-3 CJFE M 2R3

Ju—
)
T

S HETTE
Numbers of OTUs
[ore]

5, EZ1-3 Fl EZ3-5 SCPEM Z FEVERAR, 1T EZ1-3 Al 05 " 20 w0 20
EZ1-5 SCRMIY B m  BZ3- 1 (EZ3-3 Fll EZ3-5 3C JFIIH
) Numbers of sequences
JE ) )RR B LA
B1 RESELME 16S rRNA EFEFHREE ML
Fig.1 Rarefaction curves of AAOB 16S rRNA libraries
®3 RESSUAREENENSHEEER
Table 3 Diversity index of AAOB 16S rRNA libraries
i Ve LSTe RN 2] BB FUAEEL o
Station No. OTUs/Sequences Coverage Shannon a0
EZ1-3 8/ 74 89.2% 1.07 13.0
EZ1-5 8/49 83.7% 1.48 9.0
EZ3-1 8/ 63 87.3% 1.50 7.0
EZ3-3 6/ 65 90.8% 1.41 6.0
EZ3-5 5/ 46 89.1% 1.05 5.0

i FastUniFrac PCoA 4387 T #FFXIEIE 5 ANl fii AAOB BV 2H Bl i 23 [8] 40 A B 1F . &1 2 7, PCoA 1Y
RIS FARARE (PC A1 PC2) REREFR AR 5 D REESE AL 2Z 0] AAOB BEVE 22 5310 70.25% AR 45 AAOB RETR 25
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AT LI 5 Auligri 3 26, EZ1-3 (EZ3-1 Fl EZ3-3 =4 PCOAPCT ve PC2
SR AT ML) AAOB REFEZEHY  EZ1-5 F EZ3-5 A~
i AAOB IR 25 15 1k = A LA 22 3 04 Bzios
23 RELEIMT § sl

XF AFF L TR A i A Y 5 1 AAOB 1Y %
16S rRNA JEH SO AT T ARG R B W, 48R BR A £ T
PSS 1 4 K3 07 91 (283 46) J& T Scalindua JB 5 o1 |
(F13), 5 RUFAIROY 95.3% . I3 WTRIAR i ok ) £735
Scalindua J& B 75 EEHREIET Brodae F1 Wagneri 2 4> g .
4337, Brodae 43 3 1% 4 4~ OUT, 245 45 )7 51, i g—m— o=
Scalindua J& J¥ 51 8 ) 86.6% , 5 Candidatus Scalindua 8 o2l vEZ3-5 EZ1-3
brodae R R FREE, Hrb OTUL 5 47 &7 51,
5 Candidatus S. brodae [JFIATETE 96.0%—97.7% 2 _0'—30.6 —0%4 —0,\2 0 0,|2

B, 2 55k PR A T e e
B ) AAOB JEES i B B0 64 6 22, 0TU2 4, B2 EF 165 rRNA ZEMR KRR HEH & PCoA 517
453 4% 5], 15 Candidatus S. brodae M Sl 7 96. Fig. 2 The Fast UniFrac weighted PCoA analysis of the
8%—97.9% 2 [] , 53k |1 ] TR Y 2 i AAOB JE
B i e A BT I SR 4 52 OTU3 75 26 45741, 55 Candidatus S. brodae ( AY254883 ) 1) AH 1L 1 Fe 5 (>
98%) , 5k A AL L FHFRANK L LT X A9 S8R /N2 (Oxygen Minimum Zone , OMZ) #1297 ) AAOB
Br i B BGR PR LR 2R 0TU4 A0 119 55J751, 55 Candidatus S. brodae IAHIMERE 95.1%—95.6% Z [,
FEERAKILO FEEMEEN AAOB LR o™ B EGE M EE R . Wagneri 433X 4 4~ OTU,
36 X F 5, & Scalindua J& ¥ 3 B 12.7% , 55 Candidatus Scalindua wagneri W) 3% 5 2885, H
OTU10 1 10 %5J¥% 55 Candidatus S. wagneri FIFHRIPER R (>97%) , HoAh 3 4~ OTU # 26 45/7 51155 Candidatus
S. wagneri BYFETE 94.5%—96.6% 2 0] , 552k B ¥ a7 DU 0] I PURRY) R = AR A TR 5 3R B TP Y
AAOB JERE sipe 2313 HATRGR RS 2, AN, 2 500k A BZ3-1 SRR EZ3-1-8( OTUS) il EZ3-1-49
(OTU6) B2 T Scalindua 4332 N , 15 5 B 1 Candidatus Scalindua brodae 1 Candidatus Scalindua wagneri HJHH
WAPESEAR , 505000 91% R 93% 2e 47, BN T REARER TiZ @ AR M) AAOB itk

EZ3-5 S HH —4F5 EZ3-5-46(OTU11) 25T Kuenenia 4 %, 5 Kuenenia J& i HALEFI Candidatus
Kuenenia stuttgartiensis (AR 94.6% , 52k F AT 1 Bl UEIR K R HORBE 1 1 AAOB > HLA 3503 155
G F, WA, B 5 A OTU 315 55555 54 AAOB HIPERAR , 3 2 5 51 AT 434 2 44332, Unknown 1
GY AL 3 A OTU 9 50781, 5ok A M v OB R i AR B T e Y HAT B 3R 4% 56 3R ; Unknown 11 43 3%
£ 24> OUT, 6 5751, 5% H LM AMUTER Y T AR 5 52 4 A A BOR MR R (B 3)

anammox communities using 16S rRNA gene sequences

3 Wit

PRAA AL (AAOB) I IZ A3 A 7RIt T VA S AN TR PR EE b BV 4 A AN [R A58 b B A 1]
22530, Scalindua JEEFEISEH AAOB MIEIASEES e HA B m R 24, 75 Z R PR e
R THR X KAE ) OMZ Fl— S8 AR UK PR 5 BB i AR SCRIFFT s SR 6 A S LR S W 38 AAOB
e LAY ()R IR REVR | Scalindua J&ZWFFEIG DT AAOB MR HIEHE ok A T @ T8 i S5 514K
1 95.3%, ASCHFFIEIIAGRIG T 1 455 Kuenenia J& AAOB 2K REGITHY 16S rRNA JEHF5, %8 £ 2
AYATAEIR K Bl Y5 A 358 05 AR 11 B RIR K S I BARER BB A A A 2 EAR ST B i b A i
1) EZ3-5 5i3k15 T Kuenenia J&)J751 , iZuli v 2222 SNk K A , 6 B8 30 (34.32) |, B SR ER MR FE AR i Ar &
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OTU1(EZ1-3(6)EZ1-5(7)EZ3-1(18)EZ3-3(11)EZ3-5(5))

uncultured clone from Swedish marine sediment (EF602039)

uncultured clone from Jiaojiang estuarine sediment (JN051604)
uncultured clone from deep sea hydrothermal vent sediment (HM851555)
OTU2(EZ1-3(16) EZ1-5(5) EZ3-1(12) EZ3-3(12) EZ3-5(8))
71183l uncultured clone from Jiaojiang estuarine sediment (IN051611)
uncultured clone from Namibian upwelling system (EF645981)
uncultured clone from Peruvian OMZ (EU478676)
OTU3(EZ1-3(3) EZ1-5(7) EZ3-1(8) EZ3-3(5) EZ3-5(3))
uncultured clone from sediment of the South China Sea (JN051604)

Candidatus Scalinduabrodae (AY254883)
uncultured clone from Yellow Sea continental shelf sediment (GQ143786)
uncultured clone from sediment of South China Sea (HQ665922)
OTU4(EZ1-3(43) EZ1-5(23) EZ3-1(9) EZ3-3(19) EZ3-5(25))
97" uncultured clone from intertidal sediments of the Yangtze Estuary (JX243468) |
94 OTUS(EZ3-1(1))

uncultured clone from hypersaline ground water (JF747691)

Clusterbrodae

99

Scalindua

100, OTUG (EZ3-1(1))
54 uncultured clone from intertidal sediments of the Yangtze Estuary (JX243496)
OTU7(EZ1-3(1))
uncultured clone from intertidal sediments of the Yangtze Estuary (JX243537)
951 OTUS(EZ1-3(1) EZ1-5(1) EZ3-1(9) EZ3-3(8) EZ3-5(2))
uncultured clone from Cape Fear River estuary sediment (FJ490139)

94

81

uncultured clone from Jiaojiang estuarine sediment (JNO51512)

96 'uncultured clone from intertidal sediments of the Yangtze Estuary (JQ889463)
69 OTU9(EZ1-5(1) EZ3-3(1) EZ3-5(2))
uncultured clone from sediment of Soledad Basin OMZ (1X945923)
OTU10(EZ1-3(2) EZ1-5(1) EZ3-1(2) EZ3-3(5))
Candidatus Scalindua wagneri (EU478692)
100 Candidatus Scalindua wagneri (AY254882)
Candidatus Brocadia anammoxidans (AF375994)
Candidatus Brocadiafulgida (EU478693)
Candidatus Jetteniaasiatica (DQ301513)
96— Candidatus Anammoxoglobus propionicus (DQ317601)

OTUI11(EZ3-5(1)) -

3 uncultured clone from Jiaojiang estuarine sediment (JNO51556)

Clusterwagneri

94

79 uncultured clone from terrestrial aquatic ecosystems (KC454531)

Kuenenia

99| uncultured clone from deep sea hydrothermal vent sediment (AM941031)
50 Candidatus Kuenenia stuttgartiensis (AF375995) — |
OTU12AEZ1-5(1))

99 OTU13(EZ1-5(1))
96 [0UT14('EZ1-3(1) EZ1-5(2) EZ3-1(1) EZ3-3(3))

98" uncultured Planctomycetales bacterium from arctic sediment(JX512956) —

OTU15(EZ3-1(3) EZ3-3(1))
479{ —— OUTI6(EZ3-1(2))
100 ——uncultured Planctomycete clone from mangrove sediment(JQ822296)
Chlamydiamuridarum(CTU68437)

UnknownIl Unknownl

3 AAOB 16S rRNA ER RS £ EH
Fig.3 Neighbor-joining phylogenetic tree of anammox bacteria-related 16S rRNA gene fragments from the study area
Clong names include the sample name and the number of times a sequence among all of the sequenced clones of samples. Bootstrap values represent
1000 replications and only values above 50% are shown. Branch lengths correspond to sequence differences as indicated by the scale bar. Numbers in

parentheses refer to the number of clones were assigned to an OUT

FEAAXT AR EZ3-1 Wi R &L Kuenenia J&JF5) ,, T Byrne 257510 R PG ¥ H A 09 TR H8 DX 14 T DL 1R
PRTARAS T 5 Kuenenia JB 3R CRBILITH) ), W Kuenenia J&HIHT 5 AAOB X #5 i HLA #58 (11 52
it )1, ASCHI Byrne S5 RG24 R F AR H Kuenenia J& AAOB 94345 Y [ o] GEME H FRAT TR AR, — Tl
X T RESZ BRAEFIF A B R 55— I T 2 SR AKCF 1) AR PP T8 SE . A, BR T M AAOB
FERE , ARWIFIE K T — S8 5ok A VR IR I A T T T AR B IR S BE AR PR FAR (<85% ) 19751 (Unkown 1 Fl
Unknown I1) , A WF5ER M, MR IAE h 0] BEAEAERR I R 181 [ ] LIS L B DR A AU E YD, 0 B-F y-"2 B 1
1 Nitrosospira . Nitrosomonas F1 Nitrosococcus'> " , B TE RS PRI A RAIRARZ A H
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B TR, X A AT REC R TR R AT 1 IR R A AR RE Y
AAOB A R 45 04 19 43 A1 R AR 5 R 35 X+ 06,

HE BT FF , Dale ZE\ N8 B2 503 11 4 0,965

BARGH AAOB BEVE S5 M A B R 70 (HAR SCRFE p<00l

Ul 22 (B ER B 25 BN K, B EZ3- 1 BEARAN, g vl v 1Y ig osl °
ThEE TG . ARSCH B23-1 E73-3 FI EZ1-3 = Aol £

FTETE S5 M 30T, T 5 EZ1-5 A EZ3-5 35 AR [ ( H .

2) , F W] B IR B RK DR AT RE RS2 i R JZ UTARY) AAOB %

TR E B R R 5 — 7, &b A 2 e § 04 ¢

TR I AR R A BRAE , EZ3- 1 \EZ3-3 Fil EZ1-5 .
S EZREVERE S T EZ1-3 Fl EZ3-5 (£ 2) .,
AT R VTR A WL & 5 2R A B L ® | . |

FIEAHSCKR (8 4) o Hou AT TN N UL A HLIK ro 12 14 16

, , , . M5 %L Sh index
SRR R A RGP LT AAOB ZREVE Y 7 % 3R F VR Stannon inde
P27 oA B 2 AR A R RS R ER A SR T, T B4 HHBSSHIEESIEXY

%—'% bz ﬁﬁ ﬁfﬁ FaN m—{ E , b ﬁlﬁ Eﬁz FaN %%%ﬁéﬁ 1&&*% [:F] El/‘] EE Fig.4 Correlation between organic carbon and Shannon index of

TR, BIRIE O T R AT T PR AP R e e momeme e
A P M R L 3k ) B 5

AAOB AR B S TR A MU & e S E Y Li S AFE R i AL A JE MU R0 AR e ik B 7E Fit
LU 5 e R A R 3, ORI AT BB &5 6 T BRI R R2 MR AAOB ZHEMERY HE 22N 1
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