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K 20s, 65°C FEAH20s, fEFASIK. 94°CAZH:20s: 55°C
1B K20s; 72°CIEH30s; fEH 5K, 72°C L& H Smin.
BBy WG, 9 Allluminatf APCR 3% 5
Y, HEATAE YIS, PCRAS MY A R 54—
A, RSAEFUR: 95°C AR :30s; 95°C AR 1
15s; 55°C 1B ‘K 15s; 72 C1EAH130s; JHHSIR, 5 f572°C
ZEfH5Smin. FFINEB kitid 7] & [FIIXDNA. 2R /54%
P IEUT B PP A K st i 823k, SR A Tllumina

BT BRI R R A R A i 20 A
Fig. 1 Distribution of the sampling sites in urban black-odorous river, Fuyang
Pl IR (. 2 2 3R R, PR L 2 2% RN IR

In the figure, the red lines represent the sampling river, and the blue lines represent the river
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Tab. 1 The introduction of sampling sites in the Shaying River

Basin
FE it 9 5 Kb A 2R fai)ics
Sample number Sampling site Longitude Latitude
QY1 ZHEBHL#E  115.776°E 32.912°N
QY2 ZRUB P 115.761°E 32.892°N
ZQ1 ZEEBHFER  115.805°E 32.897°N
zQ2 ZHEBATER 115.802°E 32.886°N
zZQ3 ZRUBPHAPIET  115.796°E  32.859°N

Hiseq 2500/4000 with PE150ill ¢~ & #E 47 I 5 4>
Mr( EigA: T A TR A RAF).
14 EVEBRFENGEITFESH
W45 20 1 J5 46 B Hl S 2 CASAV AT
] (Base Calling) 4 i b IR ga i 51,
R4 PE reads < [A] [Foverlap o< Z Kt i X reads 2
M—% %, i@itbarcode/ ¥ [X 43I 15 2 1) JR
G 75, RIS 25 5 51 R R A R SRR e vk
P FH . AW UclustiZ= b 97% A ALl K T 1 5
B4y 25 32 5 4y 25 541 (Operational Taxonomic
Units, OTU), JEXIFEA ) ChaoF fEF8%(. Shannon
LREMEFR O ITIT . B A Silva AINCBI 16S

AN EH 5 A O TUAR 3% M 5 71 i3k 47 1R Y 1 L
%o SRHRDP classifiersf OTUBEAT #5732, F|H
RATYIF oy R Gt a8 AT 1R .

{8 FH Origin(8.5 W A) 2 il [ 17K AR A 4 Fh =F 2
FEIR I FH SPSS(17.0RRA) BAT 23 AT i AR M) BEAL
Rl Je 117K AR 34 W b 70 22715 1) 1 22 57, (EP<
0.050F, Z= 4 N2 i3 1, 454 Pearsonfl %
3 M FICANOCOHK A (5. 0/ AS) SR 4T VA% PR 45 [A]
REWMAEMRE Z RI KR,

2 FR5E

2.1 STRMIENMER

DU VU 2= 1 BRAL 4B BRI 8 45 SR W3R 2 s,
TN% &8 51160—14340 mg/kg, TP& & H1110—
4120 mg/kg. ¥ H 5P 5 & Ax i (Sediment
Quality Guidelines, SQG) " Lb 4z, KWL MIAN 2
WP THRRES, MINGEMNS: 46
68.4% TR IRE i Ak T FE iS5 4%, 31.6% TR
FES AL T E GG TP B 5 2626.3%H
DURPIRE S AL T BETS G, 73.7% U AR AR b 1
Ab T E S Y

XPUTRR P B AY F8 b M 58 45 S EAT 22 e M A 5

*2 BRAMARYIELEFUNEER

Tab.2 The physico-chemical factors of sediments collected from urban black-odrous rivers

Ff b4 5 Sample number  ZE{iSeason #miSite Cl (mg/kg) F (mg/kg) SO~ (mg/kg) SOM (%) pH TN (mg/g) TP (mg/g) T ('C)

1 ZSpring

¥ Summer

O© 0 3 N W A~ W DN

[ —
— o

FK Autumn

e T
wm AW

—
=)}

A Winter

—_ = =
O 0

20

ZQ1
zQ2

7Q3
QY!
QY2
ZQ1
zZQ2
zQ3
0)'¢l
QY2
ZQ1
7Q2
ZQ3
QY!
QY2
7Q1
zQ2
7Q3
QY!
QY2

101.11
277.35

42330
73.7
379.21
149.20
19.92
64.70
333.12
173.80
131.81
237.44
167.38
122.48
N.D
109.72
858.84
229.35
104.79
68.36

488.54 1105.03 384 628 1434 285 189
476.89 1078.16 754 630  13.09 278 19

485.63 946.20 311 636 1348 286 2

616.76 1805.7 696 631 10.08 333 247
415.11 611.60 / / / / 20.5
565.74 1127.59 227 652 152 223 314
465.06 1317.27 356 7.16  3.18 3.02 321
495.01 789.60 289 715 217 280 284
614.43 614.95 754 745 748 197 287
524.85 848.90 228 743 345 L1l 285
517.80 1007.53 3.00 728 3.64 279 149
447.97 772.18 525 7.4 480 195 145
517.31 888.02 220 736 116 342 138
624.82 1442.57 356 705 356 126 144
167.95 ND 289 721 2.03 L19 141
470.62 786.49 118 7.08 201 299 32
589.87 139.30 311 723 384 382 37
413.94 650.73 1.01 748  1.63 3.00 33

514.89 1438.45 793 699  3.60 412 62
348.75 484.67 299 721 3.08 283 46

T AR B AR NDRIR B A

Note: / means missing data; ND means not detected
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TNF & AE AN A 2= 8] 2 7 B 2.(P<0.01), & 2=
TP & 5 EKFZ 2 7 H B (P<0.05), HATEIRE
AN[FZET 8] 22 AN B B.(P>0.05). HFZTN. TP,
SOMZE 5 F 5 iy, AR UL, B IH 52 52 P ¥] e i A
VITERZ G Y N,

22 WEMEENZHMNEEESTTHIHFE

BT A CRR A i v 8 Y A6 0 45 21 ) Cove-
ragefE $0=0.97, Ui BN A YIRS S FIOTUs# R
AARENE, T DUAR I S e A R S . R
ZFEMEARR G — ARV R I 0 AN & B A 1
KR, RN IERE R BB TE e e B . il
5 Shannon#g £ 1 Simpson & F g H SR AN P05 1)
Z RGO, Shannon T $iEE &1 B 2 AE PR &7, A
WF 7 h 2 (5.44)> % 2(4.92)>H 7 (4.61)> K Z=
(3.82), MM Simpsondi ZUERAK 15t BH AR 1 22 K 1 ke,
FZ(0.03)<HE F=KZ(0.07)<KZ=(0.17). KKK
&, (5B IR AR DR A W) 2 TR HEA A
m, (BRI — 2 A, IES>LFE=H
Z=>HZE . Chaol 8 HUF Aced B0l & 1% F R LF
FRAEERF = B, SR A8 = U A R B 2, W AR
HRB/MKIRAES, 4%, KEMEZE., HF
WEEI 2 FEPERE & i =, X T BE 5 BRI
ViEG G i A k.

MR o A= ) 22 5 P 48 205 PR 858 TR 7 1) R J)R 3
ST REL(ER 3), W LLE H U Z R iR
VI Z RS2 2R SpHEE AL R 35 o B 2 Y e
VBRSO R T, IRE TS 2
REPER A, YR T SR TR S R R S R
ZENT BN AR A, SR, FEAHE T, B FH 2 Ry
F3 MEVEE SN SR Z MR REEE S R

Tab. 3 Pearson correlation analysis coefficient between microbial
community diversity and physico-chemical factors of sediments

Ic%jfmci OTU_ Shannon_ ACE_  Chaol_ Simpson
factor num index index index
cr 0.022 0.090 -0.087 -0.062 —0.062
F —0.042 0.217 -0.145 -0.073 0314
SO%“ 0.240 0.261 0.240 0.281 -0.270
SOM 0.025 0.186 -0.098 -0.031 -0.122
pH 0487 0471 _0385 0428  0.349
TN 0.245 0457 0.052 0.121 -0.379
TP 0.397 0.272 0.330 0.331 —0.357
T -0.341 0072 -0354 -0317 -0.156

Season  —0.606" 0490 0296 —0.513° 0377

A FEE0.057K T (AU b 2 FAE G, **4£0.017K PR ) |
BEFAR

Note: * means significantly correlated at 0.05 level (both
sides); ** means significantly correlated at 0.01 level (both sides)

I AE Y 2 #EPE(Shannon_index) 52T R B H T
E 1 AHK(P=0.003), f A=Y= & PE(Chaol_index) 5
AR E MU (P=0.021), 5IRERX AR
=, " ReAE TV B LR KR T RAUKR, KA
AR, TSI T UTR o e P i = AT
ZREME . pHAZVE A VI BETE S5 R 1) 5 — S [N
¥, pHAT AE i 52 e A [ Fob 2 A= 0 1 2B KR I
AEFS R G0 I A R 55 R ok 1 4z B[R] 5 e
D REE I SE RN Z R,
23 WEVRERSHFETRFIE

FI A DR DAE f 00 2 30424810, 44T R
AR TEAT R A2 58 — AR 34T, o5 HoR40.3%—70.5%,
X5 2 AT 23 AT R A 0 e 2 0 2L R AT
—H P BRASTEATE IO, R 15 A R R
BT SR JEEE ] FERTT WA
TR 1T 2 DR, BIEAT R . AT
VR ERAT T 2 U AR B R AR A e, A 146
KR PRAE A BRER Eh I J5 25 A P Hh BR AL 2
IR AT

R DU R A BT A5 R R B (B 2
), BIEATEE ] JERER ] ST TeEE
U] R B8 1R AR A 1T 2 A0 35 08 1) AR X =
PIERTKF LA ER . SHAMTTHILE, &
ZEERETH [T, SR R T BT T
X BEROR, B TEAT B T A 3 /N T Hofth =
Z, HTSS T RERAT B 112 QAR R TE 1
e XA — R RS Y
PR, AKZEPERRE [ S 3 1) = SRR 3 sk
N, AR TEAT B T TR AR AT B . A
RUFBILHE I IEMAEYI A AT L B f#
BHERA EEER, BRI THIRE
WDAE R B ST AT AT HEAT R At R, R At
W7 Rk ZE T A P B RS I R T . X 521
3 I B S TR e S Y B N E ) 4518 — 3
24 TARYIMEYEESIMERE FHEXM

DUR P A= P B 8 52 1) 4% A IR BT IR R 10 5
MU 20y T R R R 2 R o R A
2RI 52, A TR T AR 1 43 BT (Redundancy
analysis, RDA)R I T AL V)BT 5 A5 R 1 2 [ (1)
FoetE . W 3T, 18 B 28 Sl A = 24 R ) HE
B, SR A # ek L B BR R, A
BRERE T HAEEMHPER, SikFb g R
NIRRT S HE TRl 2 A S IE f . 1 3 st
TANEE W B IRV AE IR IR AR SRR
IR AL ka3 . [ERDAHEFIRY, 55 —HE
FHOK TR RIKIIRCT A, 2IEMK. 5%
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Fig. 2 Seasonal difference of dominant microbial communities in sediments at the phylum level
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Frot R ] LA VE B Bl RE B A SRR, AN 5 1 A= 4
ﬁ%ﬁﬁ AR
158 DR 2% 0] o A 0 A 0 N Ty e LA D ) B g
i&ﬂ’ﬁﬂ%”g]o S 1155 SOM(r= —0.489, P=0.034)!
TN(=—0.540, P=0.017) .2 1A%, JERER ] 5 i
BEF IEA(=0.503, P=0.028), 425 i | 1 5 6%
PR #5235 IE M 5<(7=0.514, P=0.020), 5SOM(r=
0.603, P=0.006) % = &(r=0.625, P=0.004) % & 2%
g IEAH 9%, HpHIE # fAH %= -0.570, P=0.011).
{HAHIE T A TS A & 73 3 AE P i Chlamydiae . Amini-
cenantes 5 R T I H 5 BE R 7 HH O, X AT RE &
I AR T 2R S IR R - 2 (] (1 5% &R ]
At 52 IR A% R 25 S, {E LA I AT e LK 207
2.5 MERELTRE RS THHE
B A6 &5 AR SRR (S) Tk A4 2 B B K Ak e
L E TR, 1T FIEEI’JE#/TEPT"
I AF 0 R RV HL@W%[“”O i B 3 3 Ji7 A
(Sulfate-reducing bacteria, SRB) R LAFI FH 5 Jlb'f’t/\
YIENR Eﬁlﬁiﬂﬁﬁ’]i%ﬁk%lﬁﬁ#%ﬁ i
BT, T AEH,S . #4 SRBIE AN Fe’ T R A
Fe'', Fe' SRR SR MK A& IR 2k (FeS) A 0 5
FR, SEOKAR R EY . E ik, SRBE S BUK A
KBRS, IRAE TR E A
o L TRR Y H SRBAIZE T B A5 254k
AT TR AR e 8 W 0 45 R0 )
SRBE &, 7EFF s LRI 16 M SRBE & (£ 4),
Desulfoprunumse A 255 AR Y HH SRB - BE #5t i 1Y)
#)E. LW SRBIUETRL, H#EE5HKZE
SRB J& M Xt F A7 7 2 3 2 7 (P=0.017). &
DR T Desulfoprunum J& #8 X%F =F B £ /55, 1] Desu-
lfoprunum & ™ IR, Ui WFRZ=TIRRMIAL T IR AECIR
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Tab. 4 Pearson correlation analysis coefficient between sulfate-
reducing and environmental factors

Fi#Bacteria  CI SOi" SOM(%) TN  T(C)
Desulfoprunum 0.192 -0.187 -0.274  0.075 —0.033
Desulfobulbus -0.231  0.289  0.064 -0.098  0.290

Desulfomonile 0.150 -0.248 -0.016  0.278 ~0.494"

Desulfomicrobium —0.205  0.418  0.309  0.040 0.532"
Desulfobacca 0.289 -0.353 -0.023  0.228 -0.392

Desulfuromonas ~ 0.123  0.038 —0.180 0476 0.033
Desulfovirga 0.011  0.029 -0.155 0273 -0.347
Desulfocapsa 0.296 -0.102 -0.158  0.178 —0.109

ok

Desulfosporosinus  0.125  0.274 0475 0.660" 0.137
Desulforhabdus  —-0.085 —0.108 -0.261  0.198 —0.306

Desulfosarcina 0.448° -0.229 -0.021 0.191 -0.380

fes”lfona”"”"‘ 0388 -0.228 -0.153 0373 -0.136
acter
Desulfovibrio  ~0231  0.617° 0267  0.170 0273

Desulfococcus ~ —-0.032  0.022  0.098  0.115 -0.234

Desulfonema 0.271 0.029 -0.083 0.462" 0.113
Desulfobacula 0.271 0.029 —0.083 0.462 0.113

VE: *7E0.057K (AU 2 AH I, *+7E0.017KF- () -
eV EPS

Note: * means significantly correlated at 0.05 level (both
sides); ** means significantly correlated at 0.01 level (both sides)

Ao BEURYTSRBIER R L, HHXFEHRK,
X e g LR YIEHFE T IZ IR d T SRBK
REAKEIH . i KR R B IR, NAERZ1E ]
SRBI £ &

X B R 28340 J 1 5 A8 R EAT A S 20 #
Desulfovibrio)® 5805 ¢ & 2K IEH X(=0.617,
P=0.004), Desulfuromonas (r=0.476, P=0.034), De-
sulfonema (r=0.462, P=0.040). Desulfobacula (r=
0.462, P=0.040)5 TN 2 1.3 IE#H 2%, Desulfosporosi-
nus 5 TN 2 #3814 2% (7=0.660, P=0.002), Desul-
fosporosinus &5 SOM £ & 3 1EAH K (r=0.475, P=
0.040), Desulfosarcina’5C1 2 1.3 IE M 2% (r=0.448,
P=0.048), Desulfomonilel& 55 & 2 .3 A (=
—0.494, P=0.017). W70, BilR Ehid )5 i J& N IR
ERFEMAED, HAKREKE TS0, & &, Wi
T i B SR RIS b B IR R 5 I A A
SFEEEEETN. Cl. SOM. SO & &M%,
A th, A% i 2= SRBI AR, N A% 6l HF =TT
HE SR

3 ZHig

5 HAbHE FE A TR Gl A e v AL, A
T FENS S ATRTAS [F) 2= AR REAT I e, 4 SRR

BAE 11K b, DR P A 34 08 11 46 46 S AR TE AT
W BRI STEI]. BT FER
[T FOUFT B 1A 2R B 155, (X LS T ] A AR X
FEBE A 2= AR 0 . RN TS G E D)
UNERES B | RN R AT 1 1 I ARG R e, BKTE LA B
fife S B RE 27 (A TE B T TARN R R . XS
BB D Z i AR B AR bR AT 40T, 19 iR
SRAEFEFTHTEPLE L — 8 BG5BT
WK B e RIS Ak SR BE IR 7 AT
RDAZM T, 45 BB HISOM. T K pHEE A R 5
BRI ¥~ 2 5 M0 ol A= P A 0 1) B B PR 3R

X Y ZE A I SRB T J& 34T 4840 b, K&
WEFIRY T SRBIEEER 2, HIXT FE K,
T -5 BOUK R R LI B A &AM 32 ZE7E SRBIE 5 i
R Eh I AR P2 2R 4 SRBIG A JFiFe |, S5 8
OB FeSr A4 . R, 76 22 ST R i6 B2
AR, XSRBECER 42 HI LN EE . XSRBE I
i1 1317 Pearson Al M43 #T, £ BISRBRIFEEH
SO; . TN. SOM. Cl %5 B#EIEM%. Kkl
A ROB G T SR R A, R R UL
B EFRMR S &,

SE L
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SEASONAL VARIATION CHARACTERISTICS OF MICROBIAL
COMMUNITIES IN THE SEDIMENTS OF URBAN BLACK-
ODOROUS RIVER IN LOWER REACHES
OF SHAYING RIVER

CHEN Qian-Ru"’, XIA Xue”’, WANG Chuan’, LI Qian-Zheng”’, ZHANG Hong-Pei"”, CHEN Di-Song’,
WU Zhen-Bin” and Zhou Qiao-Hong2
(1. College of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China; 2. State Key

Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: In order to study the seasonal variation characteristics of microbial communities in the sediments of the
black-odorous river located in lower reaches of Shaying River, high-throughput sequencing approach was used to se-
quence the 16S rDNA gene of surficial sediments from the Zhongqing River and the Qiyu River. The results showed
that microbial species diversity in urban black-odorous river was not high and changed with different seasons: spring >
winter = summer > autumn. The redundancy analysis revealed that the microbial diversity was significantly affected
by the season and pH of the sediment. By analyzing the microbial community structure in sediment at phylum level, it
is found that seasons, temperature, TN and SOM have a great impact on the microbial population. The relative abun-
dance of dominant bacteria such as Proteobacteria, Firmicutes, Chloroflexi, Verrucomicrobia, Bacteroidetes and Acti-
nobacteria differed at the seasonal level. The relative abundances of Firmicutes, Chloroflexi, Actinobacteria and
Acidobacteria in spring were relatively high, while Proteobacteria was relatively low. The relative abundances of Ver-
rucomicrobia and Bacteroidetes in autumn dramatically decreased, but Proteobacteria increased significantly compared
with other seasons. A total of 16 sulfate-reducing bacteria genus were detected in all samples, among which Desulfo-
prunum was the most abundant. SRB was the most abundant in spring with the highest relative abundance. SRB was
positively correlated with SO?[, TN, SOM, CI etc. The above results provide a reference for the selection of control
time to effectively avoid the generation of black and odorous substances in rivers.

Key words: Urban river; Black-odorous sediment; Microbial community; Seasonal change



