55 44 B 5 ) CIREIV N S S - QUGS P S S 3 113 Vol.44 No.5
2016 £ 9 H Journal of Hohai University ( Natural Sciences) Sep. 2016

DOI;10.3876/j.issn.1000 - 1980.2016.05.012

INRLR K AR BRI BN T E B R S RRE

oL, K| R REE

(1. AR K SOK B IR S KR TR RN E R s 00 = VT8 Al 210098;
2. VEBA T 2B sl TR AR, VT WEZE  223300)

R, AR RN T BAREEFE (AOA) £ XK G R ERRY T8 o 454 DR FIRRT %
T AR RKAAAFRRSZE, RASTAENFRRAEANF T EZART ZERIANTR DL
A e R ARG P AOA BER M R A, 2 TR 69X K8 P 5 AOA, A AOA #9543k
WIR A AR T ERANA, KW SRR ERAG T AOA 89 SR+ 5 E RS, A0A
FZHET Group 1. 1b #= Group 1. la, & ¥ 71.3% 9 /5 5] & T Group 1. 1b,28.7% %) 55\ )& T
Group 1. la, WA H AR BT Group 1. 1b 89 F 5 B, F 5 A IR A A T3 AOA #)
AR, BIEMAERDG I RV SR FEABAL D LHEREREFAY AT KBRS P
BEEAFAE

KB, R ERBY REATE  HEEM, T RMRR; SRR F RGP R; 2
T AR R

HRE S £ S X524 MERFREARD A XEHS 1000 - 1980(2016)05 - 0449 - 05

Characteristics of community structure of
AOA in surface sediments of small shallow lakes
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Abstract: To investigate the distribution characteristics of ammonia-oxidizing archaea ( AOA) in sediments of
shallow lakes, we chose the shallow lakes in the Lixia River area, which is in the lower Huaihe River Basin, as the
research object and studied the community structure of AOA in four shallow lakes with different functional types in
the region using the methods of molecular biology and microbiology. The results show that there exists AOA in this
region and this provides an important supplement to the global geographic distribution and habitat of AOA. In the
surface sediments of this region, the diversity and richness of AOA is highest in the center of Dazong Lake. AOA is
mainly accumulated in the groups 1. 1b and 1. la, in which, 71.3% of the sequences belong to Group 1. 1b and
28.7% of the sequences belong to Group 1.1a. The presence of submerged plants significantly improves the
richness of Group 1.1b, and abundant organic matter is conducive to promoting the growth of AOA. The
surrounding factories, sandpits, fisheries, and the livestock breeding upsiream of Jiulongkou affect the

characteristics of the community in the surface sediments.
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W5E I & BLEAT Z A RE T I & A TR (AOA) i amoA™ , Prosser %044 AOA 432k 3 25 187 R 24K
KA B URR ) Hh (A SRS AL Tl B 7% ( Group 1. 1a) , 38 e A Bty U B 5 o 1) 1 M R Y 1 71y T
V& (Group 1. 1b) , W8 5 6L FR 56 405 AL 717 TR B V& (Group 1. 1c) ., Pester 551005 AOA JF 1% 43 5 4>
Nitrosocaldus 257 \Nitrosopumilus HKBE Nitrosotalea Z57f \Nitrososphaera sister Euyish \Nitrososphaera . Lliros
DR IR A A R M, RGP E) AOA ZRIETF Group 1. 1b Fl Group 1. la, Wu %51 X} Kb
JEVEIIEFEAS H I X IR IN ) AOA Z2J& T Group 1. 1b, /0 J& T Group 1. la, ¥R/KIIIAZRIZUTFY) ) B
EER AR — B I 22 5, S BT o I AU TR 25 AN TR AOA MBS | 20 Rk I LA AP IR B Y T 5
ZT AOB”' | AOA M ZFEM:SZ BISN A IA BT R 2R i 20, H A0 it Ak 2 ey g2 45 iy AR AT mT
AEZ 51 AOA MF 5 B, AOA TEREER h A9 AE I AT BERS C A5 B TR AT, 101 5C T[] — b
XN [R)G JR IR TR AOA £ BRI A A R /b o 2B 35 DA LT i) b IX /N RS K A 2R 2 AR
YR TERS R N A I BORBEFEAN [R) 2SR AR Z DURR B AOA BYZREIE K = 5 B FRE VS 0 A
Tk, ETEEAF IR AOA REIE 25 2 8, Ry itk — 20 WF9E AOA TEVRIKIBINA BAG A i VE FH 285 BEAilh

1 REMBRETE

1.1 REFESNMIESER
FEUET] I Ui B VT b DX A A 0 L B RN 152 4 AR A5, 255314 DS JJLK \DZ \DZ5 , W&l 1
FIis o BEASRFE LRI SR AR 3 DRIZUIBIME IR G o & REE S NI SIE A A= W 7 R B A TA) 1T
TRAE ) % | BB P SR BE R B | Tl B K A R T I 5 % 3 AR W PR s e AN ], DS A TA5 i ey, 7K
TRY 3.5 m 45 AT B, 32 AR ) FER b I sgma ik i il 22 4k BB #R5E . JLK 7 T IuLde 1A
W W2t B, KR 1. 5 m, LIFEAAAE ML FRFE R B SR ME . DZ AL T R , KIRZ) 2. 1T m, [H]
M FRFAING T, DZ5 A F RO, ZKIRZ) 1 m, ARSI 4 e S K A % A
1.2 in#iY) DNA RY#RENFN PCR B¥ 12
PRI T2 0 J5 i DU AR i 0. 5 g, $R ECR 214k n
J& , PR ) 70% B PE S DLTE 2 IR, B8 T K y
TE W, LR FUR 50 pL, ~20°C A7 TR
RS PR H 3 AR G 01, 4 5 DNA #1710 f5H5 Al
BIGAE NN, AOA Y amoA IR R R4S SEVES | 9y
N amoAF  ( 5'-STAATGGTCTGGCTTAGACG-3') Fi
amoAR ( 5'-GCGGCCATCCATCTGTATGT-3") ", UL #& B
alifbJ5 1 DNA VERRIR , 17 25 pL AR R Y31, S

& _HY

~ B

1.3 TEXEHE il
(a)Zlift., i/l PromegaAgarose Gel DNA #fiff ik

& PCR 8 =Wyt fr Ul e slid . (b) 4% 5% B

fl. 45 PCR BP9 15 pOEMTeasy BIKMATERR | om it s

Fe AN IM109 2 AN, (o) BTk, JEAT HE 6 % Ay B s

(d)PEE ., AOA BEHL 40 MM TERE, (o) Bk, K < = #mn

FHB18) T7 . SP6 E R # 4K, PCR 714 % 2 FH 1k 70 B
(H) M7, PRECRERIETTIF (3500, ABI, USA) .
(g) b xF, ffi A DOTUR #3515 43 25 8 4F 5ot
( Operational Taxonomic Units, OTUs) J& , &1~ OTU 2574
B —AMREFHILE GenBank L 1T BLASTn AHALYE Fb X, Pk 26 AR UV & 5 R 51 A 2 e 1, 3R
AOA HZFRITH1 5 575k . KM516351-KM516472
1.4 RZEXZESH

i H DOTUR 3456 A SCRE BRI 45 E 70 25 B0 (OTUs ), BEHUAEAS OTU i HARR MR 351, 38
it BLAST $##2 GenBank H A EUFFIHEAT HEXT | 525 BEAT & SCHR , BE B BT 31, FEH ClustalX 1. 8 /7%

1 HARARABBBMANESRESUE
Fig. 1 Locations of typical lakes and

sampling points in study area
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FES e, W Jukes-Cantor SRR HEALIE 8515 32 Bl MEGAS. 0 % F 5 Kimura 2-parameter 5 1Ef5
WK AR (BB I TIPS 1 Kimura 2 S5 HIA R GE A TP HELREAO T PR 1
2Tl BASE N 1000 ¥R, i3 DOTUR 2441158 Shannon-Weiner $8 %, Simpson 22 FEA4 45 %4
SACE F- & JEF85H SChaol F5 BEAEEEF . wlEERNE S RH AKX C=[1-(n,/N) Ix100%i5, Kb n, &
OTUs 9% H N A B sabe s

2 HR5iTiE

2.1 IJKIFEE4HAE

RIS 4 A RAE SR KA RRIE L3R 1, 13 BEIY TN (NOS +NO; ey, 5 H 8 o R 5 Je A T
J KM A G, JLK [ NH, " \NO; By, 7T RE 2 P A s vk i B4 0 520 17 A IR 2 A2 R MR o)
Ab 40 B AT R 23 TR [ 2 25 1) 2 S e A DL SR Ak RO IR AT . RGN AT S8 B A e/, SR K AE A
) FEAETRMSTS, SRAERTE R 9 A, Z W27 A5 B AL IR A K R B R 7K T B K AR 3 V5 7K A
R B JE Bl A AR | AR 24 S5 T U5 G ) S5 AT I 3i hm , L % el 1) 7 3 23 g e | £ S S HE 82 ) S5 08 T 3
ISR, SR _LE K TP POY feim, S5 FRFE R KR Tk i5 K AH 5% JUE TR TP PO, Ak, 5
BB A, DS MBI R, 5 T Heth BB K A S eis oA ¢,

F1 KkpEFHEMENREE

Table 1 Concentration of nutrients and organic matter in water mg/L
SRR R p(TN) p(NO3;+NO3) p(NH,") p(TP) p(POT) p(TOC)
DS 5.41 0. 85 0.67 0.21 0.18 6.27
JLK 2.98 0. 56 2.49 0. 14 0.09 6. 15
Dz 2.93 0.28 0.32 0.11 0.05 7.77
DZ5 3.05 0. 49 0.29 0.14 0. 08 6. 60

2.2 SENWHE amoA EEH SEEMESH

AF 5 Hh T 35 B BT YT i X K VA RS2 TR h U 5 DNA SIS 5248, iE4T PCR 973 , 2 fie 17
Wl A A TE B 23 M, 8K BE R 629 bp, BLAST HeXF &L PCR P28 41 5 HAf A AT 15 5% AOA 14 amoA
FER AR E] 99% , UE T B R Al M X A5 R 159  JLle 1 AR R )2 DT i AE7E AOA , FEXT AOA HE4T
PHIS 45 40 A saRESEA TN A5 3 B A sakE sk o 3 27(DS) (40(DZ) \39(DZ5) fl 16 (JLK) . M T
JLK RIZUUR A sk i B 2% A5 300 B e s /b B 16 A, ekl A DOTUR #4338 H 2 R 1
B, A DS \DZ Fl DZ5 1Y AOA % 99% W [R) IR VERI 7328 8 4~ 9 MF 14 4> OTUs, IFi1H88 45—~ OTU
() SACE =& FEHE KL SChaol & FET5%0  Shannon-Wiener ZFEVEFE B Simpson ZFEVEFE %L, BF5%H DS . DZ
FIDZS5 A AOA vl SO 78 35 R 5 (R 2) , ¥R T 65% , £ SCHEALRE T K L2450 AOA ) amoA FE R 2
I R 2 A] M DZ5 H AOA B9 Shannon-Wiener Z2HEVEFE KL Simpson 2485 K, DZ B9 Shannon-
Wiener ZZFEVEFE BN Simpson ZFEVEFE K i/, HEB /M HT I, DZ5 (1) AOA ZFEVER 8 B & &, 1 DZ il
DS ZAEMERI & R,

k2 SENEHE amod BB HH

Table 2 Diversity of ammonia-oxidizing archaea amoA

TRE R ﬁi‘@ﬁiﬂz TERESCIE Sham\wn— Wiﬁrwr Sf'm1)son" liA CE . i?hao] .
HouHU A BLAGH/ % RN RN FREEK F R BETREL
DS 8 71 1.9 7.1 8.5 8
DZ 9 78 1.8 4.8 9.4 9
DZ5 14 65 2.3 9.6 21.6 19

2.3 amoA BEERNRGEENI

% 99% [FIE TN 4 4 RABES B AOA 21404 16 4~ OTUs, BLAST F-#kA AR IR A2 LT 51, F MegaS
BUERSEEEFTW, R AOA EZERLET Group 1. 1b F Group 1. 1a, 7£ 122 NSHEFHIH, H
87 NJET Group 1. 1b, 5 71. 3%, % 87 DFHIHA 25 1EM DS horg a8 0y, A 4 2 JLK Hor iy
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Ff, N DZ F1 DZ5 H B8 2751043 504 21 A1 37 4, A 35 ANFFE T Group 1. 1a, 15 28. 7%, DS,
DZ .DZ5 F1 JLK H' AOA J& T Group 1. la W HIFH 43514 2 4~ 19 4~ 2 AMF1 12 4>, AT UL, DS F DZ5 H iy
AOA L Group 1. 1b 243, DZ 1 AOA 1) Group 1. la Fl Group 1. 1b T 7 Fbfl#H2E A K, JLK DA Group 1. 1a A
F. Group 1. 1b ) 87 NFHIFFA 85 N IEH 111cloneSD 11 GenBank( EU671952) Fll 222¢loneCFSAOA-24
GenBank( GQ906649) i% 2 A2, Ho B RICHHIH BWIFII4 13 4,2k A T DS, DZ Fl DZ5 1950l A
520 F 6 N BERIENFEHWIFSNA 72 4,2k BT DS.DZ . DZ5 Al JLK (943514 20 4~ .19 4~.30 4~ Fil
34, 16 4~ OTUs H', RAFJ& T Nitrososphaera ZEHERT OTUL 7EFT A FEM RAREE , 5 21. 3%, Bie i &, 51E
KIT R IRARE S R FLE AOA 5 & FEARL . Group 1. 1b 19 87 NFEFN R K 11 4> OTUs, 2% JF 514 K A
JE K AL B R BE 1) KJ496929 A FE TR KC108808 , Ji it JiE e KF857068 , £ 1. [ I Jié KC735552 . KC735379
I KC735383, 5 AL K iz 3] K 6 KF537016, &Lt 11 4k 19 IS I 1Q698526. 1, Z1 #f Ak + 1 KF169744,
Nitrosopumilus ZEFERY 35 N FFHIHE 500 5 A4 OTUs, 7% 5 51 43 1) & A A 0] 01 LA 9 v 43 5 15 31 1Y
FJ601570, &= LA Y KF898586 il KC735494 , KT, 11 1) KJ005026 F1 KF413247, 16 /> OTU AL FEFH 5
& HZ T IR Fr BeAE % i TRk T B R RIEVESA R 99% , A i AT .

HRMHIX AOA 1Y amoA F&[H ¥ 31 53 U5 T + 09 Nitrososphaera viennensis ( FR773159) Fl Uncultured
crenarchaeote Forsmid 54d9 ( AJ627422) WAHMIYE R4, A3 T 97% VA I, SR P& £ Nitrososphaera
gargensis clone RHGCaA18c( EU281319) BYAHLLIH: RAFS GKE T 93% ;55 WA T HE (R T VK R 1 v B 20 S 1
T AOA HRE Nitrosopumilus maritimus SCM1 F AU T1% AER 2, fE 122 S HBFSb A
71. 3% JF5)&E T Group 1. 1b,28. 7% HIJF 5@ T Group 1. la, Schleper'” $& Hi T K Z KKK LA K TTFR
HKIE) AOA RIET Group 1. la; TS HAMFHIEIAE R IR R AOA LT Group 1. 1b, A UL, LR [ Hb X 1)
AOA V) AR HAB R IR IR B IE R £ o 4 - RAE S, DS 19 AOA LA Group 1. 1b A, 5 92. 6% , 45 G159
R TRTTE YA, 52 JR S PR B S M A K, AT HIHZCRAE A AOA DL A 38 K HAth i Y PR B A U5 A = 5 i 57 TR A i)
W0 DZS 19 Group 1. 1b I £, 17 94. 9% , T S0 T W0, 2 AOA SRIE TREWE ISR 1Y ml e/,
Group 1. 1b P FER KT HE 5 1Z A £ & MITUKEYIA X,

WL RE LB ANATH, DZ5 1 AOA WA 5 B, 1 DZ F1 DS 341K, DZS5 /KA M8 A HE
& BET IR I DT E, DU TN AR &, & DS \DZ 1 JLK 1 2 f5 L4 L 456 DZ5 B SERRIE N, TiKAR
P RIEIN T Group 1. 1b BY-F & B . VUKW RIAFTEW FE T DZ5 h AOA W HEPERI 5 I B & T
DS I DZ, "I UL, RIZVIBRY h & AL S AR TR AOA MEK, WA TS H TR AT AL
J S BT AT RE At AOA ERMHIVENS 3k — S 5A LS, DZ Y Group 1. 1b Fl Group 1. 1a 2&
SN UEBHZCRAE S AOA IR IR L IR A58 DL K A S i AKAR FC AR ol 32

FEXT DS A JLK FrkEU 40 MR BRI TINT IS, & B0 F 25 5845 5 5 27 /S F116 402 AOA )7
G, HoAth )75 4 REFR R AOA FEP T 514 B 3 X 45 2 R 7 91, 3 ml RS2 AE i 1 ks L 51 9 25
AASTEL, DS FJLK Frab i35 5 DZ Ml DZ5 227480k, DS R HIERLGNA 2 R i) 1) Ribg L
T T 1 L O 2 B AR SR K, JUK A U 1 R AT 11, A A 08 X P 2 ad S VR 988 , L U DXk 2 A ¥
W FRFE R Z SR, X LCHRA P RS0 3R JZ TR b B 3 28548 o0 A 3 R e, i DA 28 T 0T
TIGHT B S 5 | 0%t T 7E FERTAY PCR 4748 , (45 5 b SO B I 0% (%) 8 55 0%, 208 171 O Ay o 4 b 2 17 TC AL 3R
e AOA BIREVEZEAERAE . 1T DZ A7 TR 09 80 11, DZS 7 T80, 31X 2 AR i R 2 DU
AOA FITETE A3 A S5 AR IR 5 — B AR AN B35 T 10 A — 5 AU | P 0 T A e S M 5 | g %o B A T LA
R A A R S5 5%, L, BRI AN B0 6 A 55 DS A1 JLK H ) AOA IR 75 B2 548 A1 (1 4
SRS | LA R R S

3 5 it

a. YET YRR UG BN I X PR OK A R 2 TR T AEAE AOA Sl AOA (1) 4Rk M 3 43 7 A 1% i F2 1L
TEELNE,

b. KN LI 10 R4S I A9 AOA FEE T Group 1. 1b Al Group 1. 1a, H 71.3% W 5 51 )& T
Group 1. 1b,
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c. RYWBLORIZIORY P AOA ZREVER 425 B fe i, DUKAEYIRIAAAEN] B34 T Group 1. 1b /Y
FEEE FEREIA PR THedE AOA AR,

SE 3k

[ 1] HERRMANN M, SAUNDERS A M, SCHRAMM A. Archaea dominate the ammonia-oxidizing community in the rhizosphere of
the freshwater macrophyte Littorella uniflora[ J]. Applied and Environmental Microbiology, 2008, 74(10) : 3279-3283.

[ 2] FRANCIS C A, ROBERTS K J, BEMAN ] M, et al. Ubiquity and diversity of ammonia-oxidizing archaea in water columns and
sediments of the ocean [ J]. Proceedings of the National Academy of Sciences of the United States of America, 2005, 102(41) ;
14683-14688.

[ 3] PROSSER J I, NICOL G W. Relative contributions of archaea and bacteria to aerobic ammonia oxidation in the environment [ J].
Environmental Microbiology, 2008, 10(11) . 2931-2941.

[ 4 ] PESTER M, RATTEI T, FLECHL S, et al. AmoA-based consensus phylogeny of ammonia-oxidizing archaea and deep sequencing of
amoA genes from soils of four different geographic regions [ J]. Environmental Microbiology, 2012, 14(2) :525-539.

[ 5] LLIROS M, GICH F, PLASENCIA A, et al. Vertical distribution of ammonia-oxidizing crenarchaeota and methanogens in the
epipelagic waters of Lake Kivu ( Rwanda-Democratic Republic of the Congo) [ J]. Applied and Environmental Microbiology,
2010, 76(20) :6853-6863.

[ 6 ] WU Yucheng, XTANG Yan, WANG Jianjun, et al. Heterogeneity of archaeal and bacterial ammonia-oxidizing communities in
Lake Taihu, China[ J]. Environmental Microbiology Reports, 2010, 2(4) :569-576.

(7] R, TM, 7, . KWIZRZTORYIRLIE 4 BN 25 AR AE S o 2 aim 44 [ 0. IR i ( A SRR ), 2013,
41(2):114-119. (HOU Jun, WANG Chao, WANG Peifang, et al. Temporal variability and spatial distribution of granulometric
composition of surface sediments and classification in Taihu Lake[ J]. Journal of Hohai University ( Natural Sciences) , 2013, 41
(2):114-119. (in Chinese) )

[ 8 1 BRI, Ah—a1, It , 45, RWIHERE AN FITREE TR DA R RE R S5 A AR ) ], TR ( AARRLERR) | 2013, 41(4):
283-287.(ZHAO Dayong, SUN Yimeng, FANG Chao, et al. Vertical distribution of bacterial community composition in sediments of
Meiliang Bay in Taihu Lake[ J]. Journal of Hohai University (Natural Sciences) , 2013, 41(4); 283-287. (in Chinese) )

[ 9 ] CHEN Xueping, ZHU Yongguan, XIA Yue, et al. Ammonia-oxidizing archaea; important players in paddy rhizosphere soil [ J].
Environmental Microbiology, 2008, 10 (8) :1978-1987.

[10] 5KEKTS, T4k, Rl 5. W ASRE A EME LS FI R REL)]. EB%HR, 2012(18) : 5878-5888. (ZHANG
Qiufang, XU Jirong, SU Jiangiang, et al. Research progress on ammonia-oxidizing microorganisms in estuarine ecosystem|[ ] ].
Acta Ecologica Sinica, 2012(18) ; 5878-5888.(in Chinese) )

[11] LEININGER S, URICH T, SCHLOTER M, et al. Archaea predominate among ammonia-oxidizing prokaryotes in soils [J].
Nature, 2006, 442 .806-809.

[12] YANG J B, LI X C, XU L, et al. Influence of the nitrification inhibitor DMPP on the community composition of ammonia-
oxidizing bacteria at microsites with increasing distance from the fertilizer zone [ J]. Biology and Fertility of Soils, 2013, 49
(1):23-30.

[13] LIX R, XIAO Y P, REN W W, et al. Abundance and composition of ammonia-oxidizing bacteria and archaea in different types
of soil in the Yangtze River estuary [ J]. Journal of Zhejiang University-Science B, 2012, 13 (10) :769-782.

[14] KUHNER M K, FELSENSTRIN J. A simulation comparison of phylogeny algorithms under equal and unequal evolutionary rates
[J]. Molecular biology and evolution, 1994, 11 (3) :459-468.

[15] TAMURA K, PETERSON D, PETERSON N, et al. MEGAS; Molecular Evolutionary Genetics Analysis Using Maximum Likelihood,
Evolutionary Distance, and Maximum Parsimony Methods [ J]. Molecular Biology and Evolution, 2011, 28 (10) :2731-2739.

[16] ZENG J, BIAN Y Q, XING P, et al. Macrophyte species drive the variation of bacterioplankton community composition in a
shallow freshwater lake [ J]. Applied and Environmental Microbiology, 2012, 78(1) ;177-184.

[17] SCHLEPER C, JURGENS G, JONUSCHEIT M. Genomic studies of uncultivated archaea [ J]. Nature Reviews Microbiology,
2005, 3 (6) :479-488.



