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Distribution and Diversity of Ammonium-oxidizing Archaea and Ammonium-

oxidizing Bacteria in Surface Sediments of Oujiang River

LI Hu'"?, HUANG Fu-yi', SU Jian-qiang'* , HONG You-wei', YU Shen'

(1. Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen
361021, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ammonia-oxidizing archaeca ( AOA) and ammonia-oxidizing bacteria ( AOB) play important roles in the biogeochemical
nitrogen cycle. Rivers are important ecosystems containing a large number of functional microbes in nitrogen cycle. In this study,
denaturing gradient gel electrophoresis ( DGGE) and real-time quantitative PCR ( qPCR) technology were used to analyze the
distribution and diversity of AOA and AOB in sediments from Oujiang. The results showed that the AOA community structure was
similar among various sites, while the AOB community structure was significantly different, in which all detected AOB sequences were
classified into Nitrosospira and Nitrosomonas, and 90% affiliated to Nitrosospira. The community composition of AOA was influenced by
NH," and TS, in addition, the AOB composition was affected by NH,” , EC, pH, NO, , TC and TN. Total sulfur (TS) and electrical
conductivity (EC) were the major factors influencing the diversity of AOA and AOB, respectively. AOA abundance was significantly
higher than that of AOB. EC, NH, -N and NO; -N were the main environmental factors affecting the abundance of AOA and AOB.
This study indicated that the community composition and diversity of AOA and AOB were significantly influenced by environmental
factors, and AOA might be dominant drivers in the ammonia oxidation process in Oujiang surface sediment.

Key words : ammonium-oxidizing archaea; ammonium-oxidizing bacteria; tidal river; sediment; community composition; diversity
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Fig. 1 Surface-sediment sampling sites and

regions along Oujiang River
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P pH I §:4 EC(XL60 , Fisher, 32 [ ) ; H4ITHH

PR TR 100 BT, 7T BBk (TC) | SA(TN)
IR (TS) M % ( Elementar VarioMax Analyzer, 32
E); 2 mol-L™" KCI (/K: £ =6: 1) BEETIRY, I
FHO.45 pm JEBEHATRE0E 58 B A A (NH, -N)
fif &% A (NO; -N) (¥ 3 ¥ 5 43 #7 1%, LACHAT
QC8500, F[) . AR i S FR 0 VLI B o3 S IR
AKX RBIRA X, KX TR A X K X
(E1).

1.3  DNA #EHUK amoA L ¢ &

BKRZ0.5 ¢ BIRTIEUIERY) , 2 18 FastDNA®
Spin Kit for Soil 251 & Ui B 45 4& BT AR ) S 2B
DNA, i 1. 0% 3yt B Hl E 1 e UKk 28 47 35 ik, JF H
Quant-iT™ PicoGreen dsDNA Assay Kit ( Invitrogen,
) P 5E DNA ¥FE. DNA fBA7AE - 20°C H 34t
S Af .

K DGGE A1 AOA Fl AOB RBET& 45 H
PCR ¥R R B 4N F - AOA amoA J& [P 14 &
% (50 wL):25.0 pL DreamTaq Green PCR Master
Mix ( Thermo Scientific, & E ). 35| # (10
pmol - L™") 13 & 1.0 wL, 4= 1L 1 & 4 ( BSA, 20
mg-mL")0.5 wL 2.0 nL(100 ~200 ng) DNA 1E
R AR, T A PR R K R Al K AR 2 5 N 4R
. AOA amoA HH :95°C 5 min,94°C 45 s, 53.5%C
1 min, 72°C 1 min 7§ ¥ 35 &, Z4E ff 72°C 15
min; AOB amoA 3[R ] Touch down PCR, E.{A& 1
T:94°C 4 min, 94°C 1 min, 61.5°C 1 min, 72°C 1
min 20 fEFF, B E PR IR JOR BEFEAIK 0. 5°C ,94C
1 min, 51.5% 1 min, 72°C 1 min §E¥F 20 K, & 4E
i1 72°C 8 min. X} amoA FEN PEATE M, 10 5
Tofs E AR R 1 8 N 8 D850 A T i 5 I A9 ok A b
HEM L U B0 90% ~ 110% , R* > 0.99 A fifi
FH, DUIE E BB o ferfa e, S99 E B PCR
PR 2 (20 L) B145 :10. 0 L FastStart Universal
SYBR Green Master ( ROX), 51 #) (10 pmol-L™")
% 0.5 uL, 2.0 pL(10 ~20 ng) DNA. BSA (20
mg-mL™", AOA amoA 1.0 uL, AOB amoA 0.2
pL) , I3 HAR S S 0L SCER[ 13 ], {1 ABI 7500
TP E RS (EH) .

1.4 AOA F1 AOB BEVZ 4543 Hr

K DGGE $7 A 43 M i VT8 ] B 3% 2 UL AR
Y1 AOA Fil AOB BEF& 45 ALk SR GC Jenys|
P21 43 % AOA Fl AOB amoA 3k PR EA TR S
B SRR 6% TV M Ik e A MR BB Ol 20%  ~
50% (AOA amoA FEIR) Fll 6% 58 PN M B i 25 1 o6 38
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}20% ~55% (AOB amoA K:[F) i) DGGE #Ef' ",
60 V HLPK 1 h Ji,5Z.B0 100 V B3k 16 h, YK Ik
FTY. DGGE 88 E 1% Quantity one 434, [E11K
S EATIN R 5, 7E NCBI GenBank H ¥EFT HE X,
MEGA 6. 0 #E47 ¢S Ab Bl I R 50 K B .

2 HRE5HMH

2.1 PR R
FKZVURY 4 R 5 E (pH 7. 25 ~8.32) , %K
X3 pH 2 E KT HAL X 3; NH, -N(0. 88 ~52. 10

mg-kg ') M AAELERE K 22 S, HOK X IR B 3 s T
A X I 2, 5 A A T LA SRR A
DX Ja A 2 280 DX, i At X B NH, -N B B A
BT EEAIXE,; NH, -NW¥E 5 EC 218 % fAH5%
(R*=0.54,P <0.05) ; JifIRA XITBHPINO, -N
SRR, B R T A X A R, HNO, -N5 EC
WEIFAE (R =0.53,P <0.05). KT8 ) B
PRI H TC(5.02 ~13.21 g-kg™'), TN (0.33 ~
1.13 g-kg ") Fll TS(0.86 ~4.92 g-kg ") 7EA N X
WA W ER (R ).

®1 EULREK L RERRYELER

Table 1  Physico-chemical properties of surface sediments along Oujiang River

SifirD 23} 3 A Y EC . TC TN TS NH, -N NO; -N
/(°) /(°) /pS+em ! P /gkg ™! /gkg ™! /gkg™ /mg-kg™! /mgekg”!
58 120.5366  28.139 19 101.9 7.27 9.68 0.93 1.28 12. 00 4.14
62 120.5542  28.129 08 115.2 7.25 11.65 1.02 2.01 46. 00 5.90
65(0J1) * 120.5621  28.11439 120.7 7.39 8.19 0. 64 2.66 29. 30 6. 10
67 120.5678  28.109 83 155.7 7.76 7.67 0.70 1.09 31.80 4.77
75 120.5926  28.0795 188.6 7.39 13.21 1. 04 2. 11 52.10 5.92
20 120.6076  28.034 17 343.7 7.86 6.56 0. 66 1.19 25.40 3.58
28 120.6486  28.038 97 396.2 7.86 10. 59 1.02 1.19 21.80 6.24
33 120.6674  28.036 72 428.5 7.93 8.33 0.96 1.06 9.24 4.74
40(012) * 120.7047  28.03978 458.6 7.63 8.83 0. 89 1.34 17.50 9.73
45 120.7283  28.03547 569.0 8.32 9. 40 1.03 0. 86 9.81 13. 10
54 120.7911  27.98144  2626.0 8.09 7.76 0.73 0.93 13.90 6. 84
83 120.8453  27.9745 2799.0 7.95 10.33 0.76 1.16 14. 10 6. 06
89(0J3) * 120.8921  27.97919  2410.0 7.77 5.02 0.33 1.67 5.15 4.62
97(0J4) * 120.9423  27.95981  6450.0 7.71 8.71 0. 68 4.92 NA NA
6 120.8676  27.95992  6483.0 7.83 9.32 0.79 1.03 0.88 13. 90
14 120.8974  27.93917  9584.0 7.69 10. 70 1. 04 1.21 1.43 26. 10
98 120.9521  27.95756  13730.0 7.73 10. 05 0.85 4.51 9.45 9.15
99(0J5) * 120.9563  27.95469  14070.0 7.85 10. 10 0. 86 1.19 9.50 8.45
17 120.9115  27.92892 17 690.0 7. 64 11.27 1.13 1.47 2.06 15.20
18(0J6) * 120.9195  27.92314  16980.0 7.63 11.20 1. 04 1.39 8. 64 14. 60

1) B SRICHIRE T T IS S s Ay 1 A S P 2 B RV 24 2 A

2.2 FEALEH (AOA) A EALAH (AOB) FEIK
5K 530

Wit DGGE 43 A= Wy 2 £ AR T B i 7
AOA BEVE AR IEAT /3T [ 2 (a) |, S5 R R ] FRLTT
JE AT BEAS X ] AOA FF V& 25 F4 AHAULME I 7E 56%
PIb FErR AR B R ik B 95. 9% 5 T [ Kl 2
(b) J3£H1,0J2, 0J3 F1 0J6 ) AOA % 454 46 2
PEfEr , T 0J4 1) AOA Ff & 254 5 oA X A7 7E 4
KEF. AOA BEEHAMN o« ZHEE(F2) BR,
Shannon #8408 2. 64 ~2. 89 ,0J4 RS .

M DGGE Ji&_E M5 51 9 4% AOA 4% , b4 7l
J¥ . NCBI JEHE X M R KB (E 3) 78T
T A A8 R Sediment #5217, TUA Y

®2 FUTRETRRZIRY AOA 71 AOB B & HMK S H1E
Table 2 Diversity of AOA and AOB community composition

in surface sediments from estuary of Oujiang River

ZREPEFEEL(AOA/AOB) Y Species Shannon Simpson
0oJ1 14/35 2.64/3.56  0.93/0.97
0J2 14/27 2.64/3.30  0.93/0.96
0J3 14/29 2.64/3.37  0.93/0.97
0J4 18721 2.89/3.05 0.94/0.95
0J5 15/17 2.71/2.83  0.93/0.94
0J6 14/21 2.64/3.05 0. 93/095

1) AOA/AOB FoR“/ " RiTai BUH A AOA BEVE LS ZREMEIR S, </
JETEUE R AOB BETE 2510 ZHREMEFREL

BT (redundancyanalysis, RDA) &H TS FINH, -NJ&
S AOA BETE S5 2R 5 — Rl e it
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Fig. 3  Phylogenetic tree of AOA based on amoA gene

55.02% , 5% “RhfE Rt 13.04% (181 4) 5 AHOCHE
SPHT R, TS 5 AOA ZHAERE M (R >0.85,P
<0.05).

MLYTRZ TR AOB UEYIRES 45 k8 7o b [ 14
2(a) JZRH AR XS TAR W) b 22 S 20 i R v 4
FAARIE ] 49. 4% ~73.7% ; BIH[IE 2(b) ]
R, 0)4 H1 0J5 M RAE— 32, U I S S 1L A T
TEVE LS M AR AL, OF 5 AR R A AR 22 57, 0J2
0J3 FEVE LA AL

AOB DGGE VI 45 22 447 , 223 | NCBI
FEP LU AR GE A T (18] 5) 70T W] : AOB S
J&T Nitrosospira F1 Nitrosomonas , o 90. 48% J& T
Nitrosospira. Hp Nitrosospira WM cluster 1-1
cluster 1-2 T§/MIE5F 3. RDA 34l R B | W T /&
T B LY AOB HE¥S 4540 128 EC, NH, -N |

NO; -N, pH, TC FI TN 520w , Horp 55 —fh i ¢ 1 38
) 44.57% B MR N 22.27% (Kl 4). ZF
PEFEE(F 2) W, BEYT. AOB Shannon 8% 2. 83
~3.56,H EC 5 AOB ZA:PE R B E MAH KL (R >
0.81,P <0.05).
2.3 IIHEIEA amod FE

KR VLR X R ZTURR P AOA 8 DUECH (1. 67
+0.10) x10° ~ (5.94 +0.29) x 10°copies-g ', 4%
DI B A B & 2 (181 6) 5 AOB #5 DR
(2.29 +0.61) x 10* ~ (2.19 + 0.07) x 10’
copies*g R A KR K X T A
3R (E 6); AOA FJFE B FH T AOB(P <
0.01).

EC. NH, -NFINO; -NJ& i & 5 AOA amoA |
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Fig. 4 Redundancy analysis of the effect of environmental factors on AOA and AOB community composition
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