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%, WEINRFESEE 1), 15 £(30°33'4.71"N 114°
21'36.68"E); 25 £1(30°33'49.02"N 114°23'3.52"E);
35 1(30°33'6.20"N 114°23'31.73"E).
1.2 HmEEE

S T20165E1H 4H . THAIN0H KL R
RIZUIRPIFE S (12 FE 5, 0—20 cm)o KT
FES R IR S5 0 Wi BT o 1 YE R4S 3
4°CrRAF Iz B 525 =, — 1 H AR RT3 200 B 57 A T
PRAGAE S, o — A3 T —20°C VKR DR AE FH T
JaE B TS
1.3 IBUIEFRNE

K bR 5 VR AR AT o A, o pHER A
pHiT(Mettler Toledo, Switzerland) & ; Z & (NH; -
N). WERZE(NO; -N). R 2 Z(NO3 -N)R
S A AR B OB VA 2 R A
(TN). BB (TP & #8 (IR (=
RT3 AT, A HUBR(TOC) K F S LR
43 M1 1X (Elementar, Germany)J i€ . FFAFES KB
3N FATS
1.4 STIRIHAOAFIAOBEE AU E

AR mDNARRE  FRHEN0.3 gl TARAE
i, K FPowerSoil DNAIR Y #(MO BIO Laborato-
ries Inc., USA)ZEATFE M DNATREL, 2 E~ 4 A
1% I3 R e FEL KA I

G ESFOEMZEIE  ZBHS
(1) 77 2%, R 4 B b 3R o 0 T A A A R TR A
DNAVRA FEAE NPCRY 8 (AR, 373 51 M AR 77

—»z

0

1 RIRAE R
Fig. 1 Sampling sites in Donghu Lake

W 1PiR. 81K & N: 10xPCR buffer (Mg™")
5 uL, dNTP (2.5 mmol/L) 4 uL, IF X [715] (10 mmol/
L)% 1 uL, Tagfi#(2.5U)0.25 uL, DNABEHR2 uL, fin
ddH,0%kE %50 uL. ff HEasy Pure QuickGel Ex-
traction Kit (Trans)ZEA4 71 G AT PCRY 3G =4 AT
VI g4k, T# A 5 PCR B = 43 32 )5
IM109/BAZ A, HEAT W (BT . IR A e
B, K FH B 5 PCRYE 8 FHME e B, BT FH 5190 844k
S YMI3FAIMI3R . KB E H i 2 20 i hr 3t
TR . D45 RANCBIEL X, AOA 5 R 1 H
(JQ345886.1) amoA %= [H ) [FJ5 14 5511£99%, AOBL
VA A B B (K C769053. 1) amoAE IR () [A] Y5
1599%. Rk, AIAE 4% 2t E EPCRA T AR
##EDNA. ffi HHEasyPure Plasmid Miniprep Kit
(Trans)$E U E 20 iR DNA, &% R € &1 (Nano-
drop 2000, USA) Wl 5E ¥ &, AOA M amoA%E K 4]
JFURLIR & SN 44.6 ng/uL, AOBHIamoA 3% [X & 28 ki
WPEN37.5 ng/ul . AR BT AR AN 4l 2 H it 5
amoAFE R 1 #2 %L, AOAN2.11x10"° copies/uL,
AOB}1.77x10" copies/uL. ¥ AOA & 4H JFi ki 4%
10R5 B FERRE, Tl Tk i 26 2

RKAEZEPCR K HSYBR Greenik: 47 5%
JGEEPCR, FTH SIS WA 1, ¥ 1516 R 420 pL,
HoAr, 2xTrans Start Tip Green qPCRSuperMix 10 pL,
R N10 umol/LIJAOA. AOBIE % 1] 5]445-:0.4 UL,
DNABEHR 1 uL, FddH,0%ME %20 pL. K HRoche
LightCycler® 480%™ 3 {347 & &, H = BiFZ 7
TR SER B XTI, I SRR AT 6 bR
HERE S AT B B, 19 B bR M 2k, AR
BH3MEE . DL (T 50)ROGME ThRAEE 1065
VERBRIE, 3718 R >80%, T AR i 28 4 B — 1,
15 ST AOAFAOBEE LA 51T

HiSeq FESEEMNF WAL EY
I REFE K amod, KK 1 I 51 Wt ATH 14,
PCR™ ) FH 2 %35 T Bl e S L JKkAsr U, 51 097 38 th ok
JAOA amoAHEH i BtK FE#£600—700 bp, AOB
amoAFE R A BEK FE£E400—500 bp, 1 AxyPrep-
DN A &t Ji [ Y 7] & ) i W PCR =¥, Tris

=1 SEUWHEYamoAEEPCRY 185 |45K & N &4

Tab. 1

Primers and PCR reaction conditions for amoA gene

ElEzlE2 ]l

Primer sequences (5'—3')

kS 5| #JPrimers

Target genes

HIBEPCRIEF
Common PCR procedure

€ HPCRAEST
Quantitative PCR procedure

Arch-amoAF STAATGGTCTGGCTTAGAC
Arch-amoAR GCGGCCATCCATCTGTATGT
amoA-1F  GGGGTTTCTACTGGTGGT
amoA-2R  CCCCTCKGSAAAGCCTTCTTC

AOA

AOB

95°C, 3min; (94°C, Imin; 53°C,
45s;72°C, 1min)x35; 72°C, 10min

95°C, 3min; (94°C, Imin; 55°C,
45s;72°C, 1min)x35; 72°C, 10min

94°C, 3min; (94°C, 30s; 53°C,
1min;72°C, 1min)*40; 72°C, 5min

94°C, 3min; (94°C, 30s; 55°C,

30s;72°C, 455)x40; 72°C, 5min
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HCIGEME; 2% B i pE f vkl . 2 k)20 i &
2558 4 PCR“ ¥ F QuantiFluoruant ™ 15 4,58 Y &
BRAMATRNE &, 2 f5 1% BRI 7=
SR, AT MM B R G . 18 id Hiseq 2500°F &
(IlluminaSanDiego, USA)ZEAT Ml 7, Ml 7K FE250 bp
(B, 1),

AOAFIAOB amoAEE Z#H M FIH
Cluster & Mothur X {4 % F7 51 E47 B e, AT SR 2R,
SRAFAN [R5 2 18] 1 B 28 0 B, 6 A AR AL, s
AEABLRE R 1 80% [ B VA R — A 73 2K B0 (Ope-
rational taxonomic unit, OTU). it i Re il 2k b 4%
AN EUR: 4 1 BETE 2 R 22 5 . I Mothur i H 7
AR ) 2 FEVE R 3= 48 2, ©f Shannonti
¥, Simpsonfi%(. ACE#5%(. ChaofifIJF %
EE%C[IX]O
1.6 RHELXENH

Phidk = B f R AT 40N O TUs AR R AL IR 7 411
5805 e S8 84T X . SR - Neighbor-
Joining B 4 77 7% F FIMEGA6. 03 14 1) i AO A AN
AOBHamoAdZ: N KRG K B W, B a5 FRit17
10007XBootstrapf 46 .

1.7 HBIESH

FASPSS 16.048 173 5 A 3E4T 77 22 3 ) 2
BRI AH R T amoARE R F AT T LA10A)E )
X ECE . BE AR R S SRR T2
(] 1) 9% 22 5K FH Canoco 433t 47 BL Y X6 B2 43 #r, i e
2 E M AOABAOBRE K 45 M M MR K+, W3

K15 B P<0.05 FI L i 2 P<0.01.
2 %R

21 RFRIBILIERR
RIUTR AR BRI W3R 2T . AR
TN, Ko H 25 (28.6—29.3°C), &5
T RAK(6.91—7.14°C). TIA Y 5 99 b6l 1
(7.0—7.5), 1’56 23547 s, YTARY)pH 2 DIIZ 7 b
fiKEas . WIRYITNS BN 11.18—2.31 g/kg (1
&), KP4 FE, BRLATERK, £F. KF
TNEER & . VRS ENT0.58—1.15 gkg
(FHE); JURPINHS -NIK A T26.8—60.9 mg/kg
(T-E); NO_-N (NO,-N+NO;-N)#KE /T 11.1—
50.4 mg/kg (T-#E). TOCIKEAN T27.1—49.2 g/kg
(F#), Hh25 SHTP. NO-NXTOCE Bk &,
R W25 A7 YT Yt N, AT AE S BT 20135 %)
15 X3 AT T IE I AR 145 5525 AR A B
I .
22 AR SUMEINER
AOAMAOBFIE BT 45 B Zon(E 2), Tl
FE 5 rh 2R B AOARTAOBIKFELE, HAOAKIF
T AOB, AOASAOBHI LA T1.10—
~73.6. AOAMIEEANT1.50x10"—8.48x10"# I
IR E), Hh & ZAOARE, /1 T2.83x10—
8.48x10 ¥ N /g MW (TE);, EEHMN
1.74x10°—1.95x10°#% I /gl A4 (F&). AOBI
F A F4.87x10"—2.40x 1074 /g U (T ),
INZETTAOBFEHE ERARE .

=2 URYIBUMR

Tab.2 Physical and chemical properties in sediments

%5 Site T pH TN (g/kg) TP (g/kg)  NH;-N (mg/kg) NO,-N (mg/kg) TOC (g/kg)
DWI 1 7.14 7.4 1.19+0.03 0.87:£0.009 38.6+0.9 13.3+0.8 30.32+0.74
DWI 2 6.91 7.3 1.39+0.08 0.99+0.007 40.5£1.1 21.6+1.2 41.84+0.41
DWI 3 6.96 7.2 1.18+0.09 0.95:£0.009 32.1+0.5 18.0+0.4 36.35+0.59
DSP 1 21.36 7.1 1.82+0.09 0.91:£0.006 40.3+0.8 21.5+0.7 30.04+0.16
DSP 2 21.61 7.2 2.14+0.09 1.12£0.006 32.7+1.4 50.4+1.3 38.75+0.35
DSP 3 21.61 7.0 2.3140.06 1.040.003 26.8+0.7 23.0+0.9 35.04+0.42
DSU 1 28.94 7.4 1.23+0.08 0.86:£0.009 50.2+0.6 11.1£0. 5 27.12+0.26
DSU 2 28.60 7.2 1.90+0.07 1.15£0.007 57.9+0.5 23.5+1.2 43.05+0.17
DSU 3 29.33 7.1 1.60+0.08 1.10+£0.005 59.1+0.7 17.7+0.8 36.69+0.61
DAU 1 19.41 7.5 2.06+0.03 0.580.009 33.1%1.0 20.5+0.2 37.83+0.62
DAU 2 19.64 7.4 2.01£0.01 0.83+0.003 60.91.0 24.3+0.9 49.18+0.35
DAU 3 19.47 7.3 1.97+0.09 0.69+0.005 42.1+0.4 34.31.0 39.94+0.37

E: DRUERZRW]; WIL SPL SUL AU 1. 4. 7. 1051, 2. 3R s
Note: D represents Donghu Lake; WI, SP, SU and AU represent January, April, July and October respectively; 1, 2, 3 represent the

sampling sites
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BRI AOAFIAOB amoAFE K 7 FF 51T
(1 Ak PR 7~ i PearsonAH 5 M 43T (3R 3), 45 KK 9
AOAMF 5 FE 2 W3 57U 28(P<0.05), iAW)
I B, AOAR)F-E i/ ; AOB+ & 5 AL K 1
FHRNYEAS .2 (P>0.05).
23 MIRMRSAREDZHENE

Xt Shannonfg (. Simpsonfi#(. OTU%L H Y
Chaofs BUMACEFR HUHAT T o0 b, kg R &
4—6. | HMothuri# A7 H 4 (13 98 73 #r, 12007
PIRE A B S EMAOA amod 3 K T 51
906010%%, T34 B it 11 )7 51 56 B R37750%% .
TERTA 12 UTRARE L, 4% IR 80% I 7 41 AR 1B
FEREATOTURI S o ARIIVTARPIFE M I OTU S & A
T-5—16, Shannonfi #( /1 7-0.03—0.05.  LLHE AR
ANFZETAFLRFE ) Z R R EUR I, &M 2
FEVER T AN, 2507 5 Z AR

[FIE, AT VIR AOB amoAZE R 347

100
8OJ; A

AOA
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T
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Fig. 2 The abundance of AOA and AOB in sediments

%3 AOATNAOBEE SinilyrRListrB L o4

Tab. 3 Correlation analysis between the abundance of AOA and
AOB and physical and chemical indicators in sediments

AT Pearsontfl ¢ R %L

Environmental Pearson correlation coefficient
factor AOAFE AOBFE AOA/AOBLU{H

pH —0.141 0.355 —0.447

Temperature —0.610* -0.263 -0.453

N —0.137 —0.181 —0.182

TP 0.346 —0.093 0.229

NH} -N —0.131 0.448 —-0.518

NO,-N 0.188 —0.222 0.067

TOC 0.474 0.304 —-0.002

T *RIRAE0.05 7T | 8 A 5%
Note: * indicates a significant correlation at 0.05 level
(bilateral)

(3% 5), AOBHI S i RIIE ] T W K
(>99.9%), IXFE M 1 BT ST il amo A% R ) SC 121 5
TR LT BTG lamoAFE IR AL . A [R]KAE
HHEEROTURE E R B, VI AOB)
OTUHE A T42—102. Shannonif ¥ &% = 1) 2
DSP1(1.99), HfEHIZDAU2(1.34). FIHAIF )
HORAG EAEA R 2 REVERT, &40 B B 1 45
RWEH W25, A7 HDSP3 Chaofi $ifk i, (HIH:
Shannonf& 4N 1.87, i K N1.99. Al REZ B FEEH
THEITEAR, I H AR 2 PRS2 B 0 4 ORIV
Gy A G LI FE R R

X2 B AT A P 22 FE PR AR bR S DTRR P I 3
AL BTEAT R 73 M (3R 6), 45 RO T AR I TR
MHAOA OTUH &= 5 TOC 2 )k & 1 M %
(P<0.01), M AOB OTU( & 5pH 2 . 3 i fl %
(P<0.05). Itt4k, AOA Shannonif#{f1AOB Shan-
nonfi Z L 5 TOC 2% . 3 51AH %(P<0.01), B BT
HPTOCH =, #f V& 2 A BAK . 25 A SUAEXS T
HARAL FATOCH E 1, T LAOATIAOBH £ £
PEIIRAR.
24 MRS NREYNEESEH ST

e T 2 U AR T SR T A A R 1) AL A
ZREMEE R IE 3SR, BRSKRE RBITTR
HHAOASE L K R B0 M BE A Sk H /KR T, Ak E
T HERPTRYIE, AOAFF FI W] LL4r N Nitrosopu-
milus Nitrososphaerall X FoAth . AT &K
P Z MAOATETE H A — I 2E 5, H2Ni-
trosopumilus¥s) (5 465 L 545(99.8%), IXAE 1547 s
X2, FHZE LA ZRIE T Nitrosospharea i 1, &
HIRME. AOB amodZEH 7553 sk H HHERE K
I EE ¥ Nitrosomonas, Nitrosospiral S A1 24— B 43
AT R BRI . E 2RI [F) 2574 R [ 5K
FERCREEI 126 5, Nitrosomonas555.27%,
fth 1 44.70%, Nitrosospira® &1 50.03%.
2.5 IMEETFITAOAFIAOBESE LAY BTG N R
T

FIFH Canocof AOAFIAOBHI L it 5 ¥R 15
F AT SIS RA(CCA)Y AT (B 6)0 ZRIBTAOATETR
G4 5 R85 R T A X LRT A X2 PR AR 2 43 il
H80.6%F19.14%. TOC (-0.9999). TP (-0.9872)5
AXT IR FMER T ; NH -N (0.6545) 5 AX2 A%
PR . AOBAR M SR EG R 7 I 45 SRR B, HE7
Bl AX 1B AR T 988.5%, HEF i A X2 1) i B i
72.70%. SAXIHXREERARERFHTP
(-0.9984). TN (-0.9798). TOC (-0.9933), 5
AX25lAH M PR B3 R R B (—0.963 1)
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Tab. 4 Diversity index of AOA in sediments

R FEo %4 OTU%i&E SO R Shannon& %1 Simpson#& £{ Chaofd%l  Aceff#k

Site  Number of sequence  Number of OTU  Coverage (%) Shannon index Simpson index Chao index  Ace index
DWI1 40515 16 100 0.05 0.987 16 16
DWI2 43510 10 100 0.04 0.989 10 10
DWI3 44785 11 99.9 0.05 0.985 14 13
DSP1 43376 11 100 0.05 0.987 11 11
DSP2 40487 6 100 0.04 0.989 6 7
DSP3 34158 10 99.9 0.04 0.988 16 17
DSU1 36335 16 99.9 0.05 0.986 21 20
DSU2 32749 5 100 0.04 0.986 5
DSU3 44073 6 100 0.05 0.984 6 6
DAUI 28673 13 99.9 0.04 0.989 21 35
DAU2 40105 6 100 0.03 0.991 6 7
DAU3 32371 5 100 0.05 0.986 5

x5 MAYPAOBRIZHIMEIEE
Tab. 5 Diversity index of AOB in Sediments

FE i B34 OTU# = LB RR Shannon?ii % Simpson$§ %L Chao¥g %k Acefi %

Site Number of sequence  Number of OTU  Coverage (%) Shannon index Simpson index Chao index  Ace index
DWI1 36231 51 99.9 1.84 0.233 53 55
DWI2 31829 55 99.9 1.47 0.377 73 67
DWI3 38419 63 100 1.59 0.315 74 71
DSP1 35401 55 99.9 1.99 0.209 58 59
DSP2 37372 53 99.9 1.47 0.391 58 57
DSP3 37225 102 99.9 1.87 0.249 106 107
DSUI 35410 54 100 1.72 0.274 56 56
DSU2 44054 52 99.9 1.50 0.366 61 62
DSU3 32062 71 100 1.71 0.281 73 74
DAUI 34695 53 99.9 1.77 0.258 57 58
DAU2 41664 42 99.9 1.34 0.392 46 46
DAU3 34576 65 99.9 1.63 0.311 69 69

2 6 AOAFIAOBHRIZHMIEH SRR IEtrEX M2

Tab. 6 Correlation analysis between the diversity index of AOA and AOB and physical and chemical indicators in sediments

IR R T Pearsonfl 5% & #{Pearson correlation coefficient
Environmental factor AOA OTU¥iE  AOBOTU#iit  AOA/AOBLHU{E  AOA Shannonffi#{ AOB Shannonff i

pH -0.212 -0.669* 0.561 -0.212 -0.325

T 0.097 0.051 -0.112 0.097 0.246

TN -0.524 0.249 —0.480 —-0.524 0.086

TP —-0.030 0.237 —0.463 —-0.030 —0.180

NH;-N -0.124 -0.452 -0.126 -0.124 -0.386
NO,-N -0.264 -0.085 -0.516 -0.264 -0.347

TOC —0.744** -0.308 —-0.510 —0.744** —0.791**

R RIRTE0.01 KT OO B 8 3B AR G, * IR AE0.05 7K (RN ) L Jg 3 A1 5%

Note: ** indicates a significant correlation at 0.01 level (bilateral); * indicates a significant correlation at 0.05 level (bilateral)

pH (0.7244), BT &, TNZ 0 R H T 3 g
AOARETE M) E BRI R, TOCH TP & 1
AOBHEIE S E R &K . CE TR, AOALLAOBHE & & JR 48 5K
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SRR S, AR A 2 RGN L g g Y
AOA amoAREF LLAOBIFE B3 M E S . Bk
AKAZS B GErh, Hous ™ 04t 77 A AN S4B
EIEFEE AL TR YIAOA S AOBHE, K ILTE
8 35 SR FE UM AOAZ T-AOB; Yang26 R B7E
DR, AOAKIEZ TAOB. X5 AH
FAEZR DU AOAFI AOBE FE (I HIF 78 &5 2%
L, W amoA N AV H A L E S 5
QAN FE, B TE AU LA R 3= B 8 s (R
E AOATIAOBTE EE v i) B AR 5Tk, H H Ak
VA R IR B AT A A T A e Y,
AOAT REfE R IIAES RGBT 5 R EEH.
BT FIAOAFI AOB 52 % F IR 15 K] 1
(5, A 98 R LAOA F B 2 pH™ . NHJ -
NENOS NPT TNEY TP R TOCH S,
AOBFEZNHS-NP NOS-NP pHP s
TEARF T, RV AOAE EE R A Z T (71E
SR AR S ERSE A, Lu 5
FARN I TR AOATEIE /3 A i), .43 B AHALT)
254 . HouZPBE9L 7 RIS IR & 8 FR AL TR T
OTUI
55 OTU156
‘I;L—OTUBS
77-0OTU157
ﬂ[gandidatus nitrosopumilus sp. 1Q345897.1

andidatus nitrosopumilus sp. JQ345873.1
90 OTU17

84(]

SR A A AOATE V& 70 A, KIMAOAFEE 57T
B R A R & & 2 A, AOATF XTI
TN RFFRAHEE T E=NRE, HE
RKPAFZEFZATN. TP, NHS-N¥HBEER
(P<0.05), {8 1575 B %F AO AR I 52 58 W & .
pH W\ g 2 B I AOAFIAOB amoAH: R & )
—ANEEIAEE N, (ERAE AT TR, pHAT IR
HAOATAOB flamoA & R £ &8 J6 B 2 520 . X 4t
AN — S T 45 B R B AOAFIAOBX T & AL it
T DTk S IR A DA G

FIF v WP AT T ARV AOA RN
AOBBEVR 45Ky, 7E AOAFITAOB H )46 £1] 35 4>
5 (HAh) 5 H B GenBank ' B2 R B HamoA 7
FUAFAAPESEAR, T e A AR 20 B s 72 1 X 1 L
WA R R ALY . ZRIUTFAOA Shan-
nonf& £ /~F-0.03—0.05, ZR#IAOB Shannonfg £/
F1.34—1.99, & T AOA, 7EHAKIEH"Y . 41l
e KA h AOB £ BE M K AOA T,
AOAZ FEM L AOBAR, (4340 35 J8 (A AH X = A0
LR YA a1 A Rl 1 A TR AN LR 52
Yiri AOA K AOBZL 1, K FLAOA [fshannondE £ 7E

Nitrososphaera sp. enrichment culture KP027213.1

Candidatus nitrosopumilus sp. AR2 CP003843.1

OTU61

OTU47
_ENitrosopumi/us maritimus EU239959.1

—OTU151
75 OTU15

OTU124
76l ‘LEOTUISO
p7-0OTU163

OTUI162
76 |:OTU143

—
0.05

96 Candidatus nitrosopumilus sp. NF5 CP011070.1
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ABUNDANCE AND DIVERSITY OF AMMONIA-OXIDIZING ARCHAEA AND
AMMONIA-OXIDIZING BACTERIA IN THE SURFACE SEDIMENTS OF
DONGHU LAKE

PAN Yan-Yu"’, DAI Yan-Ran', WANG Fei-Hua' and LIANG Wei'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Science, Wuhan
430072, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Ammonia oxidation is the rate-limiting step in nitrification. Ammonia-oxidizing archaca (AOA) and ammo-
nia-oxidizing bacteria (AOB) play important roles in ammonia oxidation. Sediments are important place for nitrogen
circulation in lake. This study investigated the community diversity and abundance of AOA and AOB in the surface
sediments of Donghu Lake and their relationships with environmental factors utilizing high-throughput sequencing and
real-time quantitative PCR of ammonia monooxygenase (amoA) gene. The results showed that AOA and AOB were
dominated by Nitrosopumilus and Nitrosomonas, respectively. There were significant correlations between the com-
munity structure of AOA and total nitrogen (TN) in sediments. AOB were significantly related to the contents of total
organic carbon (TOC) and total phosphorus (TP). Additionally, AOA abundance was higher than that of AOB in the
sediments. A significantly negative correlation between AOA abundance and temperature was detected, but there was
no obvious change of AOB among the different seasons. These results implied that AOA could be the dominant driver
in the ammonia oxidation in Donghu Lake.

Key words: Ammonia-oxidizing archaea; Ammonia-oxidizing bacteria; Donghu Lake; Community composition;
Abundance



