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Abundance and biodiversity of ammonia-oxidizing archaea and bacteria in littoral

wetland of Baiyangdian Lake, North China
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Abstract; The existence and function of ammonia-oxidizing archaea ( AOA) in the environment has drawn great interests in
recent nitrogen cycle researches. Many previous researches found that AOA dominated ammonia oxidation process in many
environments such as ocean, pristine soil and cultivated soils. Wetland system is an important interfacial zone between
aquatic and terrestrial ecosystems. Characterized by high biodiversity, strong boundary effects, and combined
physicochemical features of the neighbor ecosystems, wetland system plays important roles in material and energy fluxes
between these systems. However, very few researches on AOA in wetland systems have been reported. To determine the
abundance and distribution of AOA and AOB ( short for Ammonia-Oxidizing Bacteria) in lake littoral zones, cultivation-
independent methods, such as qPCR, clone and sequencing, were used. Soil samples from different littoral wetland zones

of Baiyangdian Lake (site 1 representing for landward zone: four meters from water-soil edge on land; site 2 for middle
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zone; about 0.5 meter from water-soil edge on land; site 3 for lakeward zone: 1 meter from water-soil edge in sediment of
the lake) were sampled and the bacterial and archaeal amoA genes were analyzed. Results show that AOA and AOB
dominate the ammonia oxidation in different zones of the littoral wetland in Baiyangdian Lake wetlands. This indicates that
the dominate ammonia-oxidizing microorganism changes gradually from AOA to AOB in the wetland ceotone changes from
land to water. AOA dominates ammonia oxidation in the landward zone of the wetland, where amoA gene copy numbers of
AOA (1.23x10° per gram of dry soil) is 526 times more than that of AOB (2.34x10° per gram of dry soil). AOB
dominates ammonia oxidation in the lakeward zone, where amoA gene copy numbers of AOA (3.17x10° per gram of dry
soil) is only 1/50 times of that of AOB (1.39x10° per gram of dry soil). In the middle zone, AOA and AOB contribute
nearly the same for ammonia oxidation, where amoA gene copy numbers of AOA and AOB are in same too (9.83x10° for
AOA, 4.08x10° for AOB). It was found that biodiversity of both AOA and AOB amoA gene in the middle zone is high zone
with 5 and 7 OTUs ( short for Operational Taxonomic Units) separately. In comparison, that in the landward zone only has
3 OTUs for AOA, 6 OTUs for AOB, and that in lakeward sediment only has 2 OTUs for AOA, 6 OTUs for AOB. High
biodiversity of microcosm in wetland shows a similar trend as the high biodiversity of plants, insects and animals reported by
other researches. The high biodiversity in wetland boundary zone is probably due to the high energy exchanges, seasonal

changed water levers and complicated chemical conditions in this area.

Key Words; abundance; biodiversity ; ammonia-oxidation microorganism; littoral wetlands

RTEH IR Z W8 PR A SR B B A A S ) B PR 2 — |, Horh ) e Al A A AU R AR 1Y
FREDEE, DRIy, 2 i A sy 322 i 24 A AL 40 7 ( Ammonia-Oxidizing Bacteria, AOB) 56 i, %5 13 Fl
A S AR G R R T R B TR R ROR B R T DL SR A O ) ek PR —— 2 i 4R Bl RE L A
(ammonia monooxygenase subunit A, amoA) 7£ % 1 I ( Crenarchaeota ) H1 %) & B8 & iR, A [RIWF 5 & kK PUALE i
L RARAS R Al IX 4 5 SRR Y 2 S A AR 32 B B 2 UK T T ( Ammonia-Oxidizing Archaea, AOA )
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amoA(NH} — ~= ~>NH,0H—NO; ) 4> FTARic, X AOA Fil AOB HEA7 5 Y R AE 53 A7, Sl I WF 52 AOA i

AOB Wy A=W PR = BE 40 TR0 T A 2 S A BRI, S RU0E PRI A B0 Rk al Ll
1 #R5HE
1.1 RAEEHS St A4

DA FA U T H A A AR F 5 A R LA, P R T A T AR G SR R, M B R AR 4 115°38'—
116°07", b4 38°43'—39°02", A AL 366 km® , 7FFEANMA XYL [ PN, DA S5 M 0 o LR AIE IR 3R e 24
36% )25 AT AE BRI LR PRI 0 e b L R R/ INGETA 22 1] VR 90 V5 10 e G T e el =5 PR R AR SR A 1 3 4>
SRAE R, A R A Bl AR 2 RN 2 4 (BE /KBS AU 1H 4m) YR bl FEIX 2 + 18 (FE /KB 3¢ B1fT 0. 5m)
FUKAHVE BEGTRY (BEOK B2 A0 1m) |, BTARAR S 2050l 8 S B A P 35 PR (L) TR Hid 51X (B) AR AT
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TRA7 B0 % A7 -80°C HHB AR IRV AR Hh EL S DNA #2251,
1.2 FEALEERE AR AT

A ARSI 351 2R F ) B il HH 7 vk 2547, pH SR H B 4l 7K iR 42, Mettler Toledo Delta 320 pH il 5 ;
NH;-N NO;-N,NO;-N 3K FH 2 mol/L S fb 8 ¥4 ¥ =2 $2 , SKALAR SAN + + 3% £ Jii 8l 43 A7 400 % ; TOC R H
Tekmar-Dohrmann Phoenix, 8000 UV-persulfate TOC Analyzer il 52 ; Fe’* \Fe’* R MR AN A IR $2 , ZBIEX i 7
IR PIRE
1.3 DNA HY42HURIEE PCR 93

FRELZ) 0.25 ¢ BEZS TR 3RS A Fast Soil DNA #2050 & HE B ( Qbiogene, Carlsbad, CA) #
RS DNA, AOA A1 AOB BY 9 1 15 R F amoAd ZhAEE: K UK F 514, 43 54 archaea-amoAF/ archaea-
amoAR"® Fl amoA-1F/ amoA-2R"" , PCR §" 14/ 50 wL & Z LB U1K : 10xbuffer 5 pL,dNTP(2.5 mmol/L)4
wL, IE S 5180 (M BEN 10 mmol/L) 45 1 wL,BSA 0.5 wL,Taq f# (2.5 U)0.25 wL, 7 Bt DNA 4 2 ul,
ddH, O%ME % 50 WL, PCR M4 HEFL R UL SCik'e
1.4 PCR =ik JEY1 07 R R G LF A

i H Promega Agarose Gel DNA ( Promega, Madison, WI) 4lifbi{7 & Xt PCR ¥ 34 =¥yt 17Ul e 4lifb | K
PCR [N =¥ 5 pGEM-Teasy /A ( Promega, Madison, WI) #1735 , % A IM109 B2 54000, e Jm BT 4
FIBERfGE , BEER 72 A~ @ 3EkE , SR PCR 4738 (14 J7 ik 5 78 BRPE e b, i 15 1 40 b 443 FH 51 4 17 .SP6., 1
BRI PE ] VIR Hha T %F PR FERE PCR 973 7= W0 b 4743 8, B4 B U 28 AU BRI 1—4 AR T #0047 00 )3
(Biomed =W RHEA BRAF] LR , AEARE S TR RE 15 A B S . FH DNASTAR B4 X6 e 45 51
HEAT S, 2R AAR)T 51 5 F BLAST 7€ GenBank 2545 2 4 FAHUT 511, T 5 € 2 14 RH 5 40 11 Ay 141 19
amoA NREREK A k4T 22 8 F 41 Fe X, (i FH MEGA4. 1 %14 L4515 ( Neighbor-Joining ) ##E R Gt kK B #, Jh
SEERVERATE(OTU) AL DOTUR %4444 97 % R A7 X1 4
1.5 DNA 5= PCR

FE & PCR 2R SYBY Green 32, £ 15 4)% WATHE PCR ¥4, P KR K 20l BLE W1 R :SYBY Green
exTaq [ (2x) 10pL,ROX50 0. 4L, IESZ [0 51 9 (¥ B4 20mmol /L) 45 0. 09 L, Fi B 10 151 DNA Btz 2L,
ddH,0 #ME % 20uL, K ABI 7300 Real-Time PCR System #1344, #" B4 F2 5 4 :95°C 30s; (95°C 10s.55°C
20s.68°C 45s )40Cycle; 72°C Tmin, AHfERSEE0HHRE A R0 , SEHELR BERAPEXT BRI 6 ASPRifE il , B FE 5D
SEATPIIR, ASEER (5 5% ) 28 6A5 5 BUAR HE R 22 19 10 F54E R BIE, 3 RR A -3, 5—4. 2 Z i), P 30% >
80% , T fift £ Ry o — 1
2 #R
2.1 IR HL R G A SRAT S Y BR A T

WIEIE M R I RG4S A BRA R AN SR 1 Wi . ARl b A5 (P =35 0K S 8 X)) I LU BOR &, P 35K
P FIL BE IX S R A AR AL, 28 R B+ 2 B AR TR A, B DL & i AR = T R =
Bk A R 280, bR AT HLBR AN A R, HAbIEARI R BN i B X W . KR UUR ) i & W S v Tl ke
fifn, iF 2L A A TRl b, ROC R ATEAS S At 5 Bl AR ARL, (5 s o T S5 IR S5 Ak, — A B E b

®1 WREMRGEIOMEBLZIER

Table 1 Physico-chemical features of sampling sites

SRR NH;-N (NO3+NO3)-N TOC Fe?* Fe** e o34
Sampling sites pH /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) /(mg/kg) Fe/Te
PSR 8.18 5.31 12.22 22771.23 283.53 5778.69 0.05
FIX 8.24 6.49 11.77 12152.39 353.75 7359. 64 0.05
LR 8.20 208. 66 5.94 — 659.05 8577.13 0.08

VUERHIRE Y TOC T bR
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2.2 IR MR A ARG a A Ak TR R Y B A A

I i PCR 4307, 235 IR A X AT — SR h A oe T 20 AT TR Y amoA ) REJE [R5 DL %K
4318 1.23x10° 9. 83x10° 3. 17x10°4™, B v T 2 A AL A0 TR Y amoA DIREFE I #5 DI EH 2.34%x10° 4. 08 x
10°.1.39x10°4~ (& 1)

MIZ ] DU g A TR S B A A R AR | A 3 PR e s, T i) SR DXL K AR TR B A1,
IR T LR UURRYIFE T 40 435 ; A AH TR 00 =F B2 3 A #a 3558 M i, KA DR ) fe ey MR b SR IX IR 2
i R =5 R ARARG, DB = B R M =5 R AT 600 A5, LA Rl P 76 45 A AR G =5 B2 . 2 =5 R R B IX 1 2 4R
At T8 R T AR, ol R S R AL R Y 526 £5 0 2. 4 4% DU I R B T E R T AN, A &R
LAY 1/50 f5
2.3 IR ML I R G b R A TR R TR A W 2 R A

PR PRNES 3 B RAAR TR Y 3 AbARE S il i DNA $2H GEPE PCR 4784 | sk B0 A 6 45 5 72
WA T 13 11 15 DNEEA T H B amoA TIREFEK FFHIFI 13 (14 15 DN AL TH Y amoA TIREIE T
G, EaT OTU T4 AR 3 .5 2 D2 8 Ak T 1Y 3AE 43 25 B IT (operational taxonomic unit, OTU) #15.7
6 MR A AN I IRAEST 2T,

AT TR AN E AL AN R A T 2 R N S I RIUUAR Y 3 Ab g OTU Bk A T 72 Mok T) (El 2) .,
FHIZ AT L R B T Bl A 2 25 PR PR K AR DOAR 4, 0 s S IX A 7 o S SR A ol A W 2 2 & ) OTU %,
PRI T A= 22 I B R A R

10 - ~ . 10 -
s R A0A AOB Y A0A [ AOB
g2 [

BE 8} ~ g s
& 5 2 8F
2 [ 2 a—
®a 5
E[g 6 5 6
o E 5 =
g iR
B> 4 -
3 g g 4 -
2 %
g &
4§ 21 >

< ® 2
ﬁ =
2@ 7 =

0
Land Boundary Sediment 0 )
SR A Sample sites Land Boundary Sediment

SR 5 Sample sites

E1 EXRESEEUTENMAE amod HEEEEE NE N7

Fig.1 amoA gene copy numbers per gram soil of ammonia-

B2 EXREASELCHENAENRIESXATHNS

Fig. 2 OTU numbers of ammonia-oxidizing archaea and
oxidizing archaea (AOA) and bacteria (AOB) in sampling sites

P A S 2510 T4 10 068 O B 22
AOA AL 1 B ( Ammonia-Oxidizing Archaea) I 3E Rk, AOB
( Ammonia-Oxidizing Bacteria) A 2 48 fL 41 2 1Y 5% SC AT AR
iz FH Blast #2 /7 7E GenBank £ 22 rh EATAH U LU X, 7 I FP s B AL AE I R G kK B WK 3A,B
JIis o BT amoA THeHE R B 2 A A T TR R G B M 43 R AN 533, 43 i R DT AR W)/ 35 43 SRR A4/ BT AR
Y, NARGEEBWATLIE AT T RA ) i T amoA INEEIE N YR8 T UMY/ 385y 32, ik — 4G
ROHT TR L K% e 5 A, ESAALAN TR Y amoA TNREFER ARG A B W AT LIl 6 32, BB T
B-Proteobacteria, i, 3 A~43 3 A1 & B I Fl ) amoA T E 3 R 7 51, 40 3l % X A Nitrosomonas 43 32 .
Nitrosospira 73 3 Fl Nitrosovibrio 4332 ,3 143 XA R B AHAL) © M E Tl amoA HIHE L ¥ 41, #4138 LA A H

Nitrosomonadaceae ﬁ'} 52 o

bacteria in sampling sites
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1007 B-OTU4
A sandy loam soil crenarchaeote clone EU137866
51 protected land soil crenarchaeote clone EU590512
hot spring mud crenarchaeote clone EU414220 Cluster 1
tropical estuary sediment crenarchaeote clone FJ601557
B-OTUI
L-OTU2
100' vegetable soil crenarchaeote colne FJ940174
pristine forest soil crenarchaeote clone EU770880
B-OTUS Cluster 2
100 sandy ecosystem soil crenarchaeote clone DQ534864
tropical West Pacific Continenatal Margin crenarchaeote clone EU88566
S-OTU2 sediment/soil grou
100 [ hot spring microbial mat crenarchaeote clone GQ226069 | Cluster 3 group
57 99— paddy soil crenarchaeote clone GU225885
M 84r B-OTU2
100[Ls-0TU1
L-OTUI Cluster 4
the Okhotsk Sea sediment crenarchaeote clone GU270271
100 Qinghai Lake sediment crenarchaeote clone EU197163
L-OTU3
B-OTU3 Cluster 5
fluvoaquic soil crenarchaeote clone FI536740
54L Kobresia meadow soil crenarchaeote clone GQ142178
{ dairy farm soil archacon FM867859
99 crenarchaeote clone Alpine2 DQ534698 N
drinking water archaeon clone EU852673
— sea water crenarchaeote clone EF106926 water column/sediment group
0.05 100 L——— marine crenarchaeote DQ333404
_
B
99; Un. Nitrosomonadaceae clone FJ853338 ]
_E[ B-OTU7 Unknown Nitrosomonadaceae Groupl
B-OTU6 J
100 Nitrosomonas AY 123819 T
64[1S-0TU2
Nitrosomonas oligotropha AF272406
78 Nitrosomonas ureae AF272403
S-OTUS
69 Nitrosomonas aestuarii AF272400
Nitrosomonas marina AF272405
Nitrosomonas cryotolerans AF272402
Nitrosomonas europaea AF037107 )
Nitrosomonas halophila AF272398 Nitrosomonas Group
99;S-OTU3
Un. bacterium clone FJ755469
100|s-OTU1
B-OTU6
97-S-OTU4
Nitrosomonas nitrosa AF272404
Nitrosomonas communis AF272399
— Nitrosomonas halophilus AF272521
100 =———— Nitrosomonas oceani AB473817
100, S-OTU6 b
Nitrosospira AY 123832
4 99,L-OTU4
Un. Nitrosomonadaceae clone EF122064
2— Nitrosospira DQ228457 Nitrosopira Group
Nitrosospira multiformis AY 177933
88|~ L-OTU6
761y L-OTUS
98! B-OTU4 i
Nitrosovibrio tenuis AY 123824 B
[Un. Nitrosomonadaceae clone EU625169 : P
L-OTU3 Nitrosovibrio Group
91p.oTu2 ]
L—— Nitrosospira briensis AY123821
Un. Nitrosomonadaceae clone FJ853338
L-OTU1 Unknown Nitrosomonadaceae Group2
94' B-OTU1
L-OTU2
100 [B—OTU3 Unknown Nitrosomonadaceae Group3
0.05 Un. Nitrosomonadaceae clone EU625023

B3 &kiE amoA HEEEEFIMBHEEXLLE (A) MEELHE (B MRZLER
Fig. 3 Phylogenetic trees of ammonia-oxidizing archaea ( A) and bacteria (B) targeted on amoA gene
ARICHIIZIEFPS5] E GenBank B , P81 24 F 5 (19 7 BEIMBL 7 AR5, 703079 s LAY 7- 45 1000 W bootstrap 434 ir 32 15
HIUEL, /INT 50 IR 7R 3 RBERIR 5% P51 26 51 73 S0 BE
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X3 ASSRAE R PIRR S SAAU: y Il Sr BR AR BT (OTU) P BIFE 45 A R G0 A B M P IO BT T 20 A
Giil, W3k 2, FAALH IR R 5 A OTU 2904 F 4 A, 2725 3 4> OTU 43045 F 3 4Nk
H L ULB 2 A OTU J3Ai T 2 A s @RI R I o3 A ARZS D - R 7 A4~ OTU 20 A F 6 Ao 32 P it
6 > OTU 701 T 4 o p DLW 6 4> OTU 204 T 2 Ao scb . Bl i @ AL UE T R R &
SIS S DA SRR 5 /S ) R P2

R2 BRERSENETEMERNLHAER amoA THEEER 27

Table 2 The distribution of archaeal and bacterial amoA gene in sample sites

SRHERT T OTU ¢ oA (%) 4T OTU 44 G (4330)
Sample sites OTU Num. of AOA Distribution ( Cluster) OTU Num. of AOB Distribution ( Group)

Nitrosospira, Nitrosovibrio, Unknown

P 1 1, Cluster 4 luster
FIEER 3 Cluster] , Cluster 4 Fl Cluster 5 6 Nitrosomonadaceae 2 Fil 3
. Nitrosomonas,  Nitrosospira,  Nitrosovibrio
W HLIX 5 Cluster 1,Cluster 2,Cluster 4 #/I Cluster 5 7 ’ ’ ’
WA uster 1, Cluster 2, Cluster 4 Al Cluster Unknown Nitrosomonadaceae 1,2 Fll 3
TR 2 Cluster 3 F14 6 Nitrosomonas I Nitrosospira
3 it

ISR D RESE R amoA TES T I LI, MEWFIR# T R G W W 7E & M A S R G A Ak i #E b iy
ERE . BLE R Z A TR )02 b o3 A TR K AR R T b 1 S S PR v ARG A A AT T e
FAE TIRKINARM IR R Ge b BA T T AR S L AR 2L RE B SR, & A e HofE— W BE
ORI, & E A R WHOA N ZILRE A FRBUEY . JFRMBITE I, AL RE A SR8 Al s AL R TR
R SR T TR R P 2 I BRI TR UE N A AE IR BRSSP i AU o T T RE AR AE
SIRMFFRHERMY . AN TEN Z R E IR TR R EOLAE AR R T2 AAAERY A

PIAEOFFE R, AT TH Y amoA THRESEA F BETRI A JBUEZS T3 ROl X L HESF IR s T
AARANE, 51 & T A A AR A E L AR T s S A IO AR AR R I A SR, F AR ER
Fh R AT A e e i T S AL, TER AR U (5. 31 mg/kg) B 35 RAE v, A 2 H 2 4
TN 3T, e amoA TIRESE R 45 DR KLY AP 526 £5 (/0510 1.23x10° 2. 34x10° 1/ T1+) ,H
SEXT AR 2 BUKF-3 m i IX, Z Al TR AR Al 3= R . DU h B AR BE IR 31 208. 66 me/kg, Horh
MR EA T B amoA THREFEINHE DI KR K 3. 17x10°4 /g T+, AUE R BALANH amoA THREIEDH P DKL 1. 39 %
10°4/g T 419 1/50 i, HAbFH ORI IRE TARZER ™

A TR AT A TR T 1A TE TR e R G b B R AN AR A BLAT B IR Y S (8] 23 A
T X WIEIR L R G R A E Y R E M AR SR I, th TR R i R R A B R R
G A AR EURR R SR ILAT PRI T 52 2% R 43 AT RV RIVAR SR S 280 ns 0 A BT Bl A A9 72 35 PR PR A
IKARRYDURRY) , PR VE TR i i B X TEie 2 A vl i 2 SR A A T X A S s Y AR W 2 e i
72 A SEREFREDINF AR B OTU 24 H & T IO A= 25 RAE & Horh U8 A i & 5 > OTU, & A Ak 4
EEA 74 0TU, MHAERGER BTl iz, @8 ER S5 A OTU 404 T 4 Mg, & A4k
MR 7 4 OTU " 53 5)E T Nitrosomonas , Nitrosospira, Nitrosovibrio LI R RN Nitrosomonadaceae Z5 1 & , i
T 6 a3, FEROW R EE DI REFE R A 7K Atk B 7 0 1l s 57 XA ) 2R e AR RRAE
Bt ABESEAR B b E R B A IR ST L O XM BRI A RS R AR ST B e B R R RN A R T 1 3
W, e 308
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