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Abst;:ﬁlct / Streamgecosysteins “are the primary ‘receivers of__nuf‘ri'..e__n.tes and organic carbon exported from “terrestrial ecosystems and are
profoundly dnfluénced by the land of the surfounding landscap'éf Anthropogenic activities increased the nutrient and organic carbon
levels in both stream and benthic biofilms, which are closely related to the differences in the N-DAMO ( Nitrate/nitrite-dependent
anaerobic methane oxidation ) bacterial communities. We studied N-DAMO bacterial communities in streams flowing through
anthropogenic land in the city of Beijing. The results showed that anthropogenic activities increase the nutrient and organic carbon
levels both midstream and downstream; these are closely related to the difference in the N-DAMO bacterial communities. Phylogenetic
analysis revealed that most of the cloned 16S rRNA and pmoA sequences in the North Canal were similar to those recovered from
activated sludge and wastewater. The effect of nitrogen on N-DAMO bacteria in the North Canal mainly depended on the main form of
available nitrogen and the source of pollutant. Moreover, N-DAMO bacteria present downstream of the North Canal, had a more
connected and modular microbial network than those present midstream, where bacterial communities with tightly connected species that
were shown to be more vulnerable and sensitive to various disturbances were found.

Key words: river sediment; anthropogenic activities; N-DAMO; community structure; phylogeny; environmental factors; co-

occurrence Network
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WA B8 W 45 B2 L. N-DAMO ZH 1 9 16S rRNA FI
pmoA TJREFEF B3 PCR 935 | 9) LA B 75 B i 22
LII[E*IJ—LFLL% 1.

&1 N-DAMO ZAE R 16S rRNA K pmoA hEEEFREEFES | MANBERERF

Table 1

Primers and procedures for amplification of the 16S rRNA and pmoA genes

i
*

ERiSE-3E| 514 51PN (5'-37) HAREE A &Y PG
A189_b GGNGACTGGGACTTYTGG n-damo pmoA T >,
emo682  AAAYCCGGCRAAGAACGA n-damo pmoA 94 CHILEE 4 min; 94°C 22 Mk 60 =/

pmoA 5 TCACGTTCA AT - B 53°CiR K 60, s, 72°C ZEAH 90 s) /\u‘ 13031
cmol8 TCACGTTGACGCCGATCC n-damo pmo. 35 B R 5, 2 72°C EH 10 min -
cmo568 GCACATACCCATCCCCATC n-damo pmoA ' | i
202F GACCAAAGGGGGLGAGCG NC10 phylum 16S rRNA | 1 ' | &

) 1545R CAKAAAGGAGGTGATCC Bacteria 16S rRNA 95 CAEHE S min; 95°C At 60 P

16S rRNA TCACA AcoAd T -~ N 63°C %K 601, 72°C 4EAH 90 s, dE ™ | [327

- PLES | GGGCTTGAC TCCE CGAACCTGS _isdamo 165 RNA | ¢ | 40 A4 3K Hiékn%uﬁps o o
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14 | ynur%&% AR
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=
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AL S50 B & 2 fros. dbaE i R ENH, -N A
DO W= Tl (T-test, P <0.05), HiiF C/N Al
pH 3 &5 T F i (T-test, P <0.05). H{i#NH, -N
di TN [ 58.70% , NO; -N5 TN Y 16. 67% , F i
NH, -N5§ TN /% 81.33% , NO; -N/5 TN 1 8.05% ,
iz HhNH, -NH R R FZRA, HHE G TN
() e il 2% 7 T NOS -N I NO, -N ( T-test, P <
0.05).
2.2 N-DAMO 40 16S rRNA F1 pmoA ZIHEFEN £
FEPETR B

Jeiz L4 4 16S rRNA N FS] 170 4, ¥
S w4 0.91 ~0. 985 pmoA HARERE F51) 259
%, POV S IEEY A 0.95 ~0.99, AHF5Edtiz i
TUR Y P 1S ok B9 N-DAMO 41 14 16S rRNA FiI

x2 dbiEimaiER TR RE IR G
BERBTLCPHE « bifk%)
Table 2 Nutrient variations in stream water and sediment from

midstream and downstream sites ( Means + SD)

ML SR Hhiif TUE
T/C 30. 17 +0. 45 31.95 +0.26
pH {H 7.9 +0. 1 8.15+0. 11
DO/mg-L"! 0.49 +0. 11 1.96 +0.29
TDS/ng-L"! 408 £15.52 577.25 +12.29
o 0.5+0 0.7 +0
NO, -N/mg-L"! 0.015 £0.01 0.012 +0. 003
NO; -N/mg-L"! 2,01 +1.12 1.5 £0.61
NH, -N/mg-1~! 7.08 2. 88 15.16 +3.43
TOC/mg-L~! 57.84 £27. 44 52.85+11.33
TN/mg-L~! 12.06 0. 68 18.64 3. 68
TP/mg-L "' 70 +£29. 48 106. 6 +8. 68
C/N 11.77 £0.55 12.08 1. 67

95% 47 X 1]

= i
(] i
NH*-N ; i 0.037
-
pH 5 —o— 8.66e-4 =
DO ]—'I oA 1.78¢-3
0 23-15 -0 05 0 05 10 Is 20

FHfE

.

pmoA JIREIEIA 9 FLAT (R KL, P 3, BT 2%
(U 2% 5, 168 tRNA %140 2 ~6 4~ OTUs (il
L4531 3 ~5 4~ OTUs, FiEkl4r 1 2 ~6 4~ OTUs) ,
FFA¢ 45 K4 ( Shannon ) Y1 [l 2 0.27 ~0.77 (" iiF A
0.31 ~0.77, TR 0.27 ~0.46) , Simpson FE4
A 0. 47 ~0. 88 ({4 0. 47 ~0. 65, FiiFk 0.53
~0.88). HT 3% MBI 22 5 pmoA TREHE KX 43
2 ~9 4~ OTUs (PRI 4 th 2 ~9 4~ OTUs, il
L1533 ~8 4~ OTUs) , FFARFEEL( Shannon ) $5 54
Bl 0.21 ~1. 48 (iR 0.24 ~1.48, FiiF R 0. 21
~0.69) , Simpson T8 A 0. 22 ~ 0. 96 ( H11lF A
0.22 ~0.88, R} 0.31 ~0.77). Jbiz i HhiiE i
FUFUUEI TR 16S rRNA Fl pmoA PIfigFE K A £ #
AR BB 2ZE S (T-test, P >0.05). ET
Bray-Curtis 25 575X L2 th N-DAMO 407 16S
rRNA F1 pmoA TIREFEH 1Y Heatmap 4387 (OUTs %)
78 16S rRNA il pmoA DIREIL R IR MM, Hijf

, | A% 5
B2 BT Tiest PATILE MM THAREARNE R HES

4 Fig. 21" Differences of nutrient variatiohs insediment samples from midstream sites and downstream sites
- o

FERL(1 ~3) DARCTUFFERL (4 ~7) % HRTEE—&
(Kl4).
2.3 N-DAMO 40 16S rRNA Fl pmoA IhfE LA £
BRBW

FEH N-DAMO ZH7E 16S rRNA (0. 02 125 555
Hl pmoA TIHEFEIN (0. 03 22 578 HATRFMEM LA
FPONEAT R & B WM. 16S tRNA 434 3 A~41
%, 98 Cluster T | Cluster T #l Cluster T [ & 5
(a)]. Hrp Clusters I A 103 ZEHFH], ST
FAFEH P H 60.59% , KI5, 5
WA LA B OK PEGTRR Y vh 16S tRNA 35 R 471 1) [+] T
PEEr, Cluster I 95 32 hiiske s 5 72. 82% , g
FES 27, 18% . Clusters [ 3245 47 £ HNFH, 4
K A R, YE TN ERT IR 27. 65%
RS TRy, S LA R I V& AR DU 168
rRNA FE P91 0 [ P54 5. Cluster IR 16S rRNA
/NSRS, AERk AR ERE AL, A 20 SRR T



8 XS . NETE ST  TORR A v S A DR A R e S0 Ak R R % AR ATE 9 52 i 3681
12 12 3.0 5.0 -
11 | (al) OUTs 11 |- (a2) Chaol $%( (a3) Tl 45| (ad) SR
= 10| 10} 255 a0l ok
= . "
2 ol 9k S0l 15h — R
Z st 8t = 30+ {—
= 7F TF L5+ 25 I r:ﬁsm
6 6 L ' 20+ ==
5F 5+ 10 1.5
4 4 0.5 1.0
T i Tl e Tl e Tl i
14 14 4.5 25
1 (bl) OTUs " (b2)  Chaol #5%# 4.0 |- (b3) Frdethd (bd) . P ARIRAL
i T 35k 20F
= 10 10| 301 =
2 25| Lse
z 8 8 20 ok
E 6| @ 6l 15+ . '
| | 1.0 + 0.5 F
4 B 4 0.5 - :
2 2 0 0
I i i I ilif v i I i el i o i
(a)16S tRNA; (b) pmoA
E 3 dLiziainiie N-DAMO & 16S rRNA K pmoA MHEE F S EI5HR
Fig. 3 168 and pmoA community OTUs, Chaol estimator, Shannon index, and Simpson index
(a) 165 IRNA (b) pmoA .

a4
2
00204 0608
WL
— 1 .
AS

|: AT
Ab

{ A3

Al

0 0204 0608
Hita |_

e A2 —_— A3
A2 Al A3 A6 AT A5 A4 Al Al A2 A6 AT A5 A4
[ B Sl ] —
,.;.’ ““ B4 N-DAMO ZHH 16S rRNA F pmoA Th#EE E ) Heatmap 247 (5T Bray-Curtis fiE)
Fi Fig. 4 Heatmap representing the differences of 16S rRNA and pmoA sequences between microbial communities

in midstream and downstream samples, based on Bray-Curtis distance

G, Bk H T SR, 5SHEREIRY T 16S
rRNA & K] Fr 81 1 ] e e

pmoA EEFEH 43k 4 4~ 32, 435K Cluster
I . Cluster I | Cluster Il 1 ClusterIV[ 1 5(b) ]. H
W Clusters | A KA, A135 108 RILH T3,
GG TR P ) 41.70% , Clusters 1 /5 Fr
LIPS 65.74% (L EHK A TS ~7 Fx) 5
To K AR BT R A g IO s DL B K e
1 N-DAMO ZH B (1) pmoA Ty ReEE K 7y 41 i1 [m] I 45
. 33.02% BRI P A ( EEZOR A iERY 1 ~3 5
S S S R O YA T N-DAMO 41
(1) pmoA T g B IR 3 41 0 IRl M4 5. Cluster 1T 4
BRI (27.41% ), H 71 ZRIED P A Rk
F i, ST SOV T pmod T REIE A

A B[R] PR 458 5. Clusters 11 3t 63 455 K 741
i TSR T S 24. 32% , 5 EIAVIAR
Y1 pmoA THEEIE N F S B[R AT, Cluster
VI 17 750, A/, SHEH L1
pmoA DIHERER 7 51 B[R] P48 .
2.4 Jtiz i H R E N-DAMO 4 5 Co-occurrence
Network 254

81T Network 23 #1X%F Fb bz HiiE [ B 6 (a) ]
MR E 6(b) JUTEWh 16S rRNA Fl pmoA ThfE
SR, AR NS S EU R OTUs Z (8] (4 AH
KAE(FR3) . Atz i v il Gl A ) 0 2% 1 v 2 Ay 27
A, 33 FRARSCEL, Rl 29 A, 171 SFAEK
2. Tl 168 rRNA Al pmoA D) RERE AN 1 2 H] 2
ARAAOG, H5HE R FZE R C/N HINO; -N



3682

w5 B

A,
=

39 &

(a) 168 IRNA

76

A4-11(11)

Sediment of Tulufan River (KC341069)
Sediment of Shanggiu Reservoir (KC341123)
A5-12(8)

Water level fluctuation zone soil (KP708957)
A4-2 (3): A5-11(3); A6-11(3)
Taihu Lake (JX235761)

AlL-12(8)

A3-3(26)

Yellow River Estuary sediment (KP297090)
Al-2(10)

Sediment of Yuanmingyuan Lake (KC341179)

A1-20(15); A2-2(6): A3-3(10)
Coastal sediment of Zhoushan Island (923999)

0.02
| S—

(b) pmod

72

AT6(3)
A6-3(10); A7-13(14)

Water level fluctuation zone (KT355459)
A6-13(20)

Qiantang River (KC503604)

03[ Sediment of Baiyangdian Lake (KC340961)

L A7:300)

A6-7(51); AT-4(5)
E Municipal sewage treatment plant (KJ682633)
92

Waste water treatment plant Lieshout (JF706204)

AS5-15(7); AT-44(1)

Bioreactor (KU933963)
Wastewater sludge (KC700704)
A3-12(7)

Jiaojiang Estuary (KC512367)

A4-1(22)
Al-3(10)
A3-44(3)
Estuarine and coastal sediments (KX369015)

Sediment of Shahe River (KC341479)

Yellow River Estuary sediment (KP297185)

A2-12(1): A7-3(1)

Lake sediments (KJ363819)

Sediment of Songhuajiang River (KC341501)
A2-1(13)

Qiantang River (KC503614)

A3-1(43), A4-4(7)

Water level fluctuation zone soil (KP743821)

94

AT7-1(44)

Sediment of Jiaxing Constructed (KC341389)
Al-24(11); A2-9(16)

Sediment of Yuanmingyuan Lake (KC341700)
Al-13(8); A2-13(6)

Al1-5(3)

Saline lake sediment (JQ429432)

Paddy field soil (KF546864)

Sediment of Honghaitan Tidal Land (KC341660)

Cluster 1

Cluster 11

Cluster [11

Cluster |

Cluster 11

Cluster I11

Cluster IV

5 JLiEATRARY N-DAMO 20 16S rRNA K pmoA It EEM R 5% B ikt

Fig. 5 Phylogenetic tree of representative 16S rRNA and pmoA sequences from samples

Z MBI AR K 6(a) ], FiiFT 16S rRNA Al
pmoA DI BEIE PR % I 2 8] FEAS Ry 1E A G, {HI2 W) Fh
RN ZRIEA R AAHC B 6(b)]. 5k
FE & 16S tRNA H pmoA DNREFLF AY OTU #H L,

in the North Canal and reference sequences from GenBank

YIRS PR A T 2 A ) SR TR ), A G
FUGE , PRI A O X P A SR B SR X L)
Brep e FR ARSI S R (R 3) , Rl AT i
WL ZERATE BT IR).  FP s I 265 2 4 114 S o i A



8 RIPEAE . NI Sl TR i S o DR AR Joe 8 A BRI 7 A5 T A9 52T 3683

FMAHERR T, T Eh N-DAMO I A KRR E  AYHHICHE (Monte Carlo test, P <0.05, 8 7). 16S
P, o g A A RE B RAE R R B & T, rRNA SEREER A0 RDA 4307, 1 A e R i 1) i
U N-DAMO A R EE &, M4ss BN 66.10% (RDAL:54. 18% , RDA2:11.92% ),

B R SR, HHE Monte Carlo K56, el 7 4>15 Bl AT s AH ¢

#3 ALETRRY R TRERINE S FEREZ AT, Hid pH(0.99) . DO(0.93) . NO; -N

Table 3 Topological parameters of microbial networks ( -0. 89) . %JIIE ( 0. 79) l—ﬁ CCAl iﬂﬂﬁ@%*ﬁ 946%

from midstream and downstream samples /% , NH4+ N (0 98) . NOZ_ -N(O 97) . TOC(O 82) _|:J

s o L COA2 i AR pmod TIRESEIR SR

BE 17w N
S 4 Hif it A y

SO o o T RDA 4H07, HT7IHREA A0 REE S 60. 209

I 5 i 0.515 0.318 (RDAI: 41.90% , RDA2:18.30% ), # i Monte

s i 1 ss6 1497 Carlo Kre, FEIL 6 A 55 I 58 H1 5 0 555
ERAY 0.575 0. 893 . Eh RE

St 0, 506 0,750 ¥, HHNH,-N(0.95) . DO(0.98) . £ (0.89)

5 CCAl A7 & M XX &R, NO;-N (0.85),
2.5 JbiBi R 16S rRNA F pmoA THREIENFR  NO, -N( -0.94) . TOC( -0.75) 5 CCA2 A &%
Be A 22 bk MR AR. MAE Mantel K556, T8 A EE R X

RDA SrHT iR ALz i sh e R 0B = BRI (£ 4). H¢NH4:_-15,%QNQ';:'§&
AH(NH, -N, NO; -N, NO; -N) | TOC, DO Ai#hfE  SHIUEU T 165 cRNAF pmod Ty fE S A hi o 3
55168 tRNA il pmod SNSRI REE AURFIAR SR WI(P <0.05). gt | | Tl o

(a) 168 rRNA (b) pmod

@ proAshi
@ 165 RNA
& T
— EHI%

5] 103 MOB 40T OTUs, RBAREA M, P <0.05
B 6 dJtiziminiid N-DAMO Z8E 16S rRNA X pmoA LR E B Co-occurrence network 434

Fig. 6 Co-occurrence network of 16S rRNA and pmoA sequences communities in the North Canal
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Table 4 Mantel correlations highlight the relationships shared between environmental traits and community composition
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NH," -N 0.501 0.043 0. 647 0. 002
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