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Abstract: To understand the potential nitrification rate of the constructed wetland sediments under low temperature condi-
tions in winter and its influencing factors, the constructed wetland in the Hanshiqiao Wetland Nature Reserve in Beijing was se-
lected as the research area, and the potential nitrification rate (PNR) and the abundance of their related functional genes were
investigated. The results showed that the PNR of the sediment was higher, indicating that the constructed wetland had higher ni-
trification potential in winter. The PNR increased first and then decreased from the inlet section to the outlet section. By establis-
hing a linear regression model of nitrification activity and functional microbial abundance, we found that ammonia-oxidizing ar-
chaea (AOA, characterized by the abundance of amoA gene in AOA) was the main functional microorganism affecting the nitrifi-
cation potential. By further constructing the regression equation of microbial abundance and environmental factors, it was found

that the main environmental factor affecting the abundance of AOA amoA gene was carbon-nitrogen ratio (C/N), and the main

environmental factor affecting the abundance of ammonia-
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oxidizing bacteria ( AOB, characterized by abundance of
BE&HE : FERE AR5 E (2017YFC0506200) 5 15 A 45

amoA gene in AOB) was total nitrogen (TN) content. High-

LG TH (41601577)
TEER A FEWA(1992-) 5 TTTGH A WL BIFE/E | £ 5 throughput sequencing was used to determine the community
HOSA: W2 A5 2B 58 . (E-mail) caizhangjie2017@ 163.com composition of AOA and AOB in constructed wetland sedi-

BIFAEE A NE , (E-mail ) lkyclj@ 126.com ments. The dominant phylum of AOB community in each wet-
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land unit was Proteobacteria, which was mainly composed of B-subdivision of Proteobacteria, and AOA mainly belonged to Cren-

archaeota and Thaumarchaeota. In terms of community composition, for AOB, wetland units 4 and 5, 1 and 6 were relatively sim-

ilar in flora composition, for AOA, wetland units 6, 7, 8 were relatively close.
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Fig.1 Sketch map of the constructed wetland in the Hanshigiao

Wetland Nature Reserve in Beijing
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N) A (NO-N) &, AL (LKEL.0 ¢
2.5, J5us [t ) WIsE pH B, JH Cytation 5 Z Mg br
1 ( BioteK, USA) W =& A LT & 1, H Vario Il JGHR
ﬁ’*}ﬁ)‘(( Elementar, German ) MsE TC A1 TN &= ,H
SmartChem200 4= [ 3 [i] Wr & 2% 73 #7 4% ( WestCo,
USA) ll %€ NH}-N F1 NO;-N % &, 41k i #
(PNR) 30 5 (LA NOS-N ) % I 4 W2 £h 4 i
Y
1.3 DNA RJ#REXF1 PCR ¥ %

I Power Soil 13% DNA £#2HUAF] & ( German,
QIAGEN) #2 UL K4 DNA, Z &Ll T (AOA) FI'A
FALANTE (AOB) B amoA K& [H 2 & PCR 20 Hr ¥ 15
Light Cycler® 480II( Roche , Switzerland) Fi#17, PCR
VAR Z A 25.0 pl, 2 12.5 pl TB Green Premix
Ex Taq ll(TaKaRa 2AE]7 ) 1 A5G IY)4 1.0 wl,
DNA B4 1. 0 wl, HAxH ddH, O ( Takara, Japan ) #b &
£25.0 pl, & PCR BTG BN A L#E 1,
EFBRE A AxyPrepDNA 5852 [FTISGA ] & ( AXY-
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GEN Aa]y= ) Y1 a1l PCR 724, Tris_HCl ¥efi,
2% L NEWHEE I HL KRS, B4l Ak F= 4 38 3 Nlumina

#1 PCR¥#3|#
Table 1 Primers for PCR

MiSeq -5 BUPRHEIATT v BEA T g e 5 0 e (e 5%
MG LEY R RHAT PR RS2 )

H 3L H 51¥4 ST (5 —3") EiE S E BTN
AR amod 2 amoA-1F GGGGTTTCTACTGGTGGT 95 CHiIZEM: 5 min;95 CAEM: 105,55 CiEk 30s,  [10]
72 CHEAH 1 min, 3£ 35 PMFFR ;72 CHEAH 10 min
amoA-2R CCCCTCKGSAAAGCCTTCTTC
AT amod FEH Arch-amoAF  STAATGGTCTGGCTTAGACG 95 C FAEME 3 min;95 CASME 105,55 CiEk 30s,  [11]

Arch-amoAR ~ GCGGCCATCCATCTGTATGT

72 °C ZEAifi 1 min, 3 35 MEH ;72 °C ZE{H 10 min

1.4 FHI4E

i ] Usearch XK B A3 A 46751 Map 2 OUT
&, 5 OUT ARERFPSIMHRIELE 97% LI 1
f731, A2 OUT £k, A Qimme ¥ £ 5 RDP
Classifier DU S35 X5 97% ALK 19 OUT 3%
FENEAT 43 224 00 B, XF LE SILVA B 5 |, 483t 4
AFERRRER . Ao S B e b 28y
Feaik Z P T B S RO B A R , YA norank fE
HARIC . A3 LS AR A R A AT I
TNSRIELE 7 1k B AT — 73 GO o (H AR, fESE T
B LA Unclassified Fric .
1.5 HIRAEMS

& F Microsoft Excel2013 44 ( Microsoft, USA )
AT IR R w20 AL B, ] SPSS22.0 ] ( Chi-
cago, IL, USA) #4788 1143 M7, £ OriginPro2018 #X {F
(OriginLab, USA) bS58 il 8, & BRI 3R 05 2241
M1 (one-way ANOVA) ) Duncan’ s ¥ ( P<0. 05 ) £ 5
AR Z [R] 10 22 5 1, R FH SO 808 ¢ A6z 5623 A
AOA 5 AOB amoA £ R 257, KA Spearman
£2 ATERBARMBLETER

AH G Z B3 BT P 20 A8 S 22 () A A S O T etk 1l
FHE— L R Z AR ] RS 2B
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ZRETE ST RN G3 222 0017 o

2 RS

21 AIEMnARHEERAERSHLEE
e s 3 (3% 2) R, A TR MUY pH (H
AT 7.97 5 8.34 Z[a], ZHG0E, 7E 1 BRICH 2 HL
JCZIA] pH {AA 235 22 5, HoAth 50T Z IR 14 (i 3%
225 1 BIL A 6 BT pH {EH K, 43510 8.25 Al
8.34, OM TC.TN M 2 HICE HKHIG(8 H
J0) ¥ i AR (P<0.05) ., C/N 7E1~5 HI0HI6~8
HITE) e L 22 (P<0.05), HoAs AL 5 [ Ry
8.59~14. 11, NH;-N & H7F 1.4 HICEIfF7E B %
S HABFRITZ WA AAE B3 25 5 (AAEE—E 1)
eI Y, NOS-N SHAE 4.5 BITHIH
b B TT 22 (R S 3 25 5% X HL 45 BT NH -N Al
NO;-N & A TR KT,

Table 2 Physical and chemical indices of sediments in constructed wetland

PE A oH mnuﬁﬁ( OM) gﬁ%<TC) %iﬁu( TN) C/N Wt NH;-N & i NO;3-N # it

Lib k(%) k(%) (%) (mg/kg) (mg/kg)
1 8.25+0.10a 0.64:£0.18ab 1.210.08b 0.13x0.01b 9.56+0.65b 21.60+3.21b 8.30+1.31b
2 7.97£0.11b 1.01£0.19a 2.46x1.04a 0.24£0.11a 10.39=0.59h 27.66+8.35ab 8.83x1.51b
3 8.18+0.03ab 0.55+0.16b 1.09£0.26b 0.13£0.02b 8.59+0.69b 24.05+3.05ab 9.23+2.60b
4 8.22+0.06a 0.52+0.10b 1.02+0.07b 0.09+0.01b 10.82+0.11b 30.17+8.70ab 12.42+2.16a
5 8.17+0.07ab 0.63x0.13ab 1.190.06b 0.11:0.00b 10.76+0.31b 35.22+12.26a 12.49+0.50a
6 8.34+0.07a 0.38+0.10b 0.86+0.04b 0.06:£0.00b 14.1120.47a 22.96+2.86ab 9.35+1.70b
7 8.13+0.27ab 0.51£0.50b 1.10+0.77b 0.090.07b 14.07+2.15a 23.24+4.22ab 8.48+1.02b
8 8.12+0.07ab 0.47£0.15b 0.84£0.27b 0.06+0.03b 13.66+2.42a 30.55+1.34ab 8.551.00b

RIBI A /NG 5 B e R L T 2 1 7E 0.05 K T 77 fE 8 BJ2 5t
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Fig.2 Potential nitrification rates in different units of construc-
ted wetland
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Fig.3 Abundance of amoA gene in ammonia-oxidizing bacteria

(AOB) and ammonia-oxidizing archaea ( AOA) under

different units of constructed wetland

34T PNR 5 AHCTIRESE R G C R, 25 R R W
PNR 59U+ AOA amoA FE[F B B % I & 1F
IR (FH KRB 0.693 , P<0.01), AOA
amoA FEH = FF MR PNR R, PEZ A T2 b
ARSI T, AOA FEfS bt B A B R 2L,
HE—25 o b & A AL D RE L TR 3 B 5 3R 85 I 1) o6
RLER (R 3 RP AT FITHY AOA
amoA W FEFE SR Y ¢/N B L F Nk
. AOB amoA JEH S OM TC TN ¥ 2%
ENN PN

i — 2% 45 DR R 5 IR 58 R 7 kAT 2 tis
M, 455 (R 4) R, ViR C/N Hext A T
AOA amoA F&[H =E B 52 M e, [\ 5 7 A2 e g R AR
R*40.225; LB TN & i XF AOB amoA FE[F =
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Table 3 Correlation coefficient between ammonia oxidation functional genes’ abundance and environmental factors in constructed wetland

itig A pH {i OM it TC Fi: TN F i C/N It NH;-N % NO, -N &
AOA amoA 0.037 0.021 -0.049 0.080 -0.507 ** 0.017 0.286
AOB amoA -0.281 0.597 ** 0.530** 0.559 ** -0.387 -0.013 -0.094

AOA  ZA M T ; AOB : AL AN B, ™ FORARSEHEAE 0.01 KF (XU b R EARR

23 AIEMEELMEDDN - SN
a-ZAEERAR (OUT JKF) i) LIAE—E F2 B I
FORFE R BIRE R AL . ABETE I a-Z2
febr A F 5 64 ( Chaol \ACE) , /R — T
Hh A ol 4 2 A R I v 2 WA v A O e ) K
Z s e R R (Simpson 840 , Fom — D HEVE

DUFATRIE (14) by (5 R DT iR, 0B 2 2 A R 7 9 4 e
25 O AR Y 32 b Ao i AT
£%(Shannon $640) , &M & BE M S FE M55
FehR, WIEXT Chaol 5% Simpson F8 8 %% & HY—
AEEL L R T RIERE S T I B — B TR A
BPRZ B, SEAS OUT £ H AT REDLANF . 11545
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R(FS5) Bon, ZEMATE Chaol H8EH =) 3
HIT(58.00) , S ARAYZE 5 HLIG(31.00) 5 Simpson f
B ey 1 850 (0.27), MM N 8 8¢
(0. 13) ;Shannon $§ =i 19 R 8 HLIT (2. 47) , Ik
2 1 FRIC(1.58) , &AL TR Chaol 5 %iAx i
M2 3 BRIT(68.00) , F AT /2 2 BLIT (36.50) 5
Simpson AR S $fD(0 34), H KB N 8
HA5T(0. 10) ; Shannon F5 40 A% = Uk 8 FRIG(2. 88),

AR 2 HI0(1.53)
£4 PEERFESHATERUETFESEEMA

Table 4 Stepwise regression between functional genes’ abundance

and soil physicochemical factors

i iR SN R TS

HEN ’ HF Il 75 R
AOA amoA 1 C/N(x;)  ¥;=-0510x,  0.225 0.013
AOB amoA 1 TNFH(x,) Y,=0.602x, 0.332  0.002

AOA AOB WWF 3 1E,

£S5 ATEMARBATRAYMEENAE (AOB) MERLHE (AOA) o ZHMEIEH

Table 5 «-diversity index of ammonia-oxidizing archaea ( AOA) ammonia-oxidizing bacteria ( AOB) in each units of constructed wetland

sediments
Ji M T
HEY E:
1 2 3 4 5 6 7 8
AOB Chaol 34.00 37.00 58.00 47.67 31.00 38.67 44.86 57.43
Simpson 0.27 0.15 0.23 0.20 0.18 0.24 0.15 0.13
Shannon 1.58 2.27 1.88 2.09 2.09 1.81 2.17 2.47
AOA Chaol 49.25 36.50 68.00 44.14 62.00 41.00 65.00 61.00
Simpson 0.26 0.30 0.19 0.31 0.34 0.18 0.18 0.10
Shannon 1.66 1.53 2.15 1.61 1.62 1.96 2.49 2.88

AOA (AOB L3 3 13,
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Fig.4 PCA analysis for ammonia oxidation microbial community in constructed wetland sediments
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Fig.5 Cluster analysis of ammonia oxidation microbial community in constructed wetlands
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Fig.6 Community structure of ammonia-oxidizing bacteria in different units of constructed wetland
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Fig.7 Community structure of ammonia-oxidizing archaea in different units of constructed wetland
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Fig.8 Heatmap of ammoxidation microbial community cluster in the constructed wetland
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Fig.9 Heatmap of correlation between ammonia-oxidizing microorganisms and environmental factors
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