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Abstract: Microorganisms are sensitive to changes in the external environment and are often used as indicators to monitor
and indicate water quality. We decided to investigate the characteristics of microbial community structure in the sediment of
the Guishui River and understand the impact of environmental factors on microbial community distribution, to ensure that
water quality requirements are met for hosting the World Horticultural Exhibition and Winter Olympic Games in Yangqing
District. Water and sediment samples from 12 different sections of the Guishui River were collected to analyze the physical
and chemical properties of water and study the microbial community structure characteristics of sediment. It was found that
the water quality of chemical oxygen demand (COD) , ammonia nitrogen ( NH;-N), and total nitrogen (TN) , were below
the standard in the middle and lower reaches of Guishui River, and the total nitrogen content of the sediment had significant
positive correlation with that of the overlying water (P=0.914). The microbial community structure was investigated using

MiSeq high-throughput sequencing. The bacterial species detected in these samples covered 70 phyla, 228 classes, and
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1168 genera, and it was found that Proteobacteria, Bacteroidetes, Acidobacteria, Actinobacteria, Chloroflexi, Firmicutes,
Cyanobacteria, Chlorobi, Verrucomicrobia, and Nitrospirae, were the main bacteria in the sediment, accounting for more
than 84% in each sample, and the phylum Proteobacteria was most abundant, accounting for 45.3% to 69.1% of the total
sample. The dominant species varied in different cross-sections of the samples. The abundance and diversity of microbial
communities in the sediments of Guishui River were relatively high, but the Ace richness index and the Shannon diversity
index (2673 and 6.56, respectively) of the D7 point in the Shiyuan section were lower than at other points. The result of
redundancy analysis showed that water dissolved ammonia nitrogen and temperature were the main environmental factors
influencing the microbial communities (F=2.92,P=0.038 and F=2.81,P=0.014, respectively). The dominant bacteria
in the sediments were of the genus Dechloromonas and Thiobacillus. Their abundance is positively correlated with the content
of ammonia nitrogen and water temperature, and negatively correlated with the content of dissolved oxygen. The research
results provide data support and theoretical guidance for ecological environment protection and water quality management of

Guishui River.
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Fig.1 Sampling sites in Guishui River
D FR REERE T S, &SRR S L FA B 40 R . D1(N40°30°57", E116°7'34") ; D2(N40°30'54", E116°7'5") ; DG(N40°29'37", E116°5'8");
D3(N40°29'1", E116°4'16") ; D4(N40°27'42", E116°2'34") ; D5(N40°27'38", E116°0’3") ; D6(N40°27'21", E115°58'55") ; D7(N40°27'5",
E115°58'42") ; DS(N40°27'7", E115°57'54") ; D8( N40°28'20", E115°57'55") ; DC(N40°27'52", E115°53'1") ; D9 ( N40°26'42", E115°
5028")

BhR (ALFE L7 At COD EBE TP Al TN (2 AL NH,-N FI A NOS-N) WIZEKFERFE S 24 h Z 958

6 4 R bR e 5 2 R I 5E A

JEEVRRE SV 5 T 5 WP FRBL 0.1 g BESL T 50 mL H B3 v, i A 25 mL B0 i 5 R B0 v 0, 16
0.15—0.16 MPa JE /] FA#4F 120—124°C AYIREE 30 min, H AR H G 14 0E , JEME 2 F) 100 mL, BE R £ 40
SRS BRI RR B YRR R I EAEURIASAS B R (T 634-2012 + B0 AL W AR R AL
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FERIE A K AR B,

F1 ShAKAKEETIRLIERR

Table 1 Physicochemical indices of water in Guishui River

ey s S AR SR
[EETE TR - R Dissolved Chemical oxygen Total Ammonia THSA Tolal‘:‘i‘lroge o
Samples Temperature/ C oxygen/ demand/ phosphorus/ nitrogen/ Nitrate/ ( mg/L)
(mg/1) (mg/1) (mg/1) (mg/1) (mg/L)
D1 7.36 9.8 6.33 11.54 0.01 0.04 0.53 0.87
D2 7.62 9.8 8.24 13.86 0.13 0.05 0.43 0.95
DG 7.64 7.4 9.35 15.49 0.04 0.13 0.73 0.92
D3 7.78 11.0 9.74 43.30 0.11 0.05 0.60 0.75
D4 8.21 10.8 12.36 33.13 0.02 0.27 0.15 1.64
D5 7.92 9.8 11.85 23.56 0.05 1.22 0.29 1.94
D6 8.33 11.0 15.33 19.11 0.06 0.35 0.34 1.4
D7 7.67 10.8 8.80 20.22 0.14 0.75 0.20 1.21
DS 7.95 11.7 7.36 36.15 0.20 1.57 0.13 2.16
D8 8.38 10.3 8.38 29.50 0.19 0.75 0.24 1.21
DC 8.05 10.6 9.40 35.48 0.17 0.45 0.04 1.08
D9 8.67 13.6 12.30 16.56 0.05 0.62 0.03 1.16
®2 WATRRER SIS
Table 2 Physicochemical indices of sediments in Guishui River
‘ W WA R o i e
%:Eii? pH Ammonia nitrogen/ Nitrate/ Total nitrogen/ Total phosphorus/ Lrl/iijo;:r:b;:ii(t)o
(g/'kg) (g/'kg) (g/kg) (g/'kg)
D1 7.52 0.03 0.13 1.93 0.10 11.9
D2 7.48 0.15 0.20 2.22 0.38 10.4
DG 7.67 0.83 0.07 2.78 0.16 9.8
D3 7.54 0.75 0.15 2.39 0.07 10.2
D4 7.50 0.40 0.24 17.10 0.10 9.8
D5 7.79 0.81 0.20 18.80 0.11 6.3
D6 7.48 0.55 0.08 15.15 0.20 11.3
D7 7.62 0.80 0.12 12.46 0.13 10.3
DS 7.76 0.24 0.26 21.73 0.07 10.0
D8 7.81 0.14 0.18 10.02 0.04 5.0
DC 7.82 0.19 0.16 11.73 0.05 7.5
D9 7.90 0.09 0.21 2.86 0.01 6.1
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Fig.2 Relative abundance of the most abundance classes at phylum level in the analyzed samples
Bacteroidetes : IUFF T | ] ; Proteobacteria: ZRJE 18 T ; Acidobacteria: TR T B T ; Chloroflexi : 4% %5 B[] ; Actinobacteria ; F{ZE /& ] ; Firmicutes ; JFEBE 18]
["]; Chlorobi ; £ [ ] ; Verrucomicrobia : JEf# & [ ] ; Cyanobacteria ; # 2l B[] ; Nitrospirae : A5 fL B2 HEFE ] ; Others ; HiAth

X 12 AN EIEAE it B 28 T T T AAE 0 00 o3 A RRAE R AT o0 A, S5 R WL AR 3. Al LLE i B-Z2IE TR 4N (B-
proteobacteria ) Fl 8- 1 [ 4K ( §-proteobacteria ) J&= S T 18 ] £ B fe KA ANBE RE , B-ZE I B AN 24 o 41 18 6l = Y
11.019%—31.50% , 8-7FTE N2 15 A B B 11.6%—20.24% , (2 A1, y-75 T 1 44 (y-proteobacteria ) Fl a-
ARIE T 2W ( a-Proteobacteria )t 5 75 8 5 A B2 LU, 1T -8 T 11 99 ( e-proteobacteria ) ) F AL, DC FE 5
- B 4 ( a-proteobacteria ) 7 i 5 , ik 3] 12.8%

R3 PKkAREERPEREIREDHNSHLILG %
Table 3 Proportion distribution of Proteobacteria in each sediment sample

i H Project D1 D2 DG D3 D4 D5 D6 D7 DS D8 DC D9
oL RN
Alphaproteobacteria
BB 44
Betaproteobacteria
S-IE A4

Deltaproteobacteria

s "B HI
Epsilonproteobacteria
RS

Gammaproteobacteria

5.74 4.28 8.33 3.34 7.02 3.57 5.13 2.75 7.24 7.59 12.8 9.99

21.27  29.86 13.42  29.25  31.50 13.11 2438 3096 2239  24.45 11.01  14.89

14.27 16.44 15.99 11.6 12.41 19.77 14.28 14.56  20.24 16.16 15.33  14.99

0.47 0.10 0.10 2.05 2.51 0.68 0.32 0.08 0.39 0.19 0.30 0.42

8.71 12.88 9.36 17.70 9.30 7.95 16.96  20.63 10.28 11.60 8.75 7.01
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Fig.3 Relative abundance of the most abundance classes at genus level in the analyzed samples
Bacteroidales_norank ; & iy 44 ; Sinobacteraceae _norank ; & 4 4 ; Dechloromonas ; i 2 A # 1 J& ; Comamonadaceae _norank ; & 1 % ; Ellin6067 _
norank : KA %4 ; Geobacter . KT T8 J& ; Stramenopiles _norank : X4 4 ; itil- 15_norank : X4 %4 ; SC-I- 84 _norank : X4y 44 ; MND1 _norank : XA 44 ;
Syntrophobacteraceae_ norank ; A i %4 ; Myxococcales _ norank: & % % ; Thiobacillus: i ¥ Ik 7 J& ; Ignavibacteriaceae _ norank: K fiy %4 ;
Betaproteobacteria_norank : A4t %4 ; Gemm- 1 _norank ; A fix %4 ; Syntrophaceae _norank ; A iy £ ; Deltaproteobacteria _norank ; A fir %4 ; Xanthomona-

daceae_norank : KA %4

AR TR St A S50 g A e 22001, Herb DG D5 I3 TA & A Bacteroidales_norank ,D3 D6 HILIA &
LEHTE Sinobacteraceae_norank ,D4 D7 A ¢ i Ho A5 A B 20 5046 11 J8 A= 9, (5B 05062 D1, D2 AR Ui A
DS . D8 .DC D9 MIMEEEE & L i/ 1L, 43 9 8 BPCO76_norank . Comamonadaceae_norank Dok59 i IR & .
1il-15_norank MND1_norank
2.3 REYIRETE Z RN N s S O b

W 4 Frs , AR FEAUE R 97% W F 50543 1 4~ OTU, - 4T ZREVEIRBOTE . H Ace £ HIETR
BT, D7 RS T BRSSO A, IR ZE 2673, 11 DG iy ORI RE 5l (1 Ace 48U =1, 15 4869, D5 i
K, M 4826, DG D5 ¥ PRl B BCAEAI X B 7, Chao 5 FEFR BT R I AT Ace FEEUHAIE] . 45050
Shannon F8 501K F 6.0, Hor DC 28 Z2 3 K 5 i) Shannon $8 5U(E B i, o~ 8.72, HL 2 HEME A X #8& , D1 . D2,
D3 .D6.,D7 #i Shannon $5¥(X/NT 8.0, Hr D7 s/, 6.56,

KT B M REAS R LR R VA W Fh 2 B 1 B 22 521, 3£ T weighted Unifrac' ' SR PCoA 43 B Ht BEAS 7]
REE YRR AR ARLEE S5 SRR W] 12 e EZE A TE PRI AL & . A& 4 s PCL S 38 SR i 22 5
M R EARBR LY, A REIE A 35.08% , Fok Ol PC2, R BEJE Ol 25.83% , X W) 7 A (4 B Bl 60.91%
7E PC1 F1 PC2 4EJE | K RAEHE 73 AW AH , WK il sz D2 D3 D4 D6 D7 D8 Fl DS il AE W 1 v 45 #4 A
U —4, EiF S0 D1.DG K R i 5067 D9 DC MBI %5 5 — 4, K #1402 9 Shannon 5%
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Table 4 Summary of the richness and diversity indices of the sediment microbial communities

B i 5 OTUs Ace TR Chao 15 %% Shannon F§ %X
Samples Ace index Chao index Shannon index

D1 3256 4683 4482 7.86

D2 2633 4484 4195 6.45

DG 3075 4869 4639 8.53

D3 2516 3987 3808 7.12

D4 2932 4504 4387 8.62

D5 3347 4826 4548 8.64

D6 2892 4398 4273 7.69

D7 2034 2673 2645 6.56

DS 2429 3780 3511 8.36

D8 2948 4012 3860 8.27

DC 2988 4203 4051 8.72

D9 2648 3612 3445 8.15

2.4 BUEYIREEEH SIEIN TR AR ITUR T
FET 12 SRR UL B T WA 5 BRI e

I

I °
NI THATIOAR T (RDA) S S BUE DGR T | | iv:
SEREGH T RZIER, B 5 T RDA BN % _ o, | | b
B, P ABRAN B T 43,19 F1 21 3% IR IR BUEY) 2 T Ds
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| 7 N | 4D
4% Y53 255, NHE-N H1T %K i I i My e vk | @ DS

|

|
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5%, [FRS DO B A,
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3 it Fig.4 PCoA plot based on Weighted Unifrac
PC1. 55— FAHR First primary coordinate; PC2 ;55 — F 4445 Second
31 !djﬂciﬂ‘zi Iﬁl %ﬁﬁi]ﬁﬁi%ﬁ$%é§$@ #ﬁE primary coordinate

AT S —PLH TR 1A 22 JE R [ ( Proteobacteria ) |
FER AT AP AE . FHICHIF ST 2 WL/ M | 37 98 8 /K VR TR ) 2 B8 PP 2 LUSE — D 45 T T A A
REBAEAE WA A VR it 22 15 Yo R Ao A v i 3 2 AR F O S E B3 8 FASTE B T 10 S ek
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5l s AL AT TEAE PO, 52 NZEIE SIS R OGN iF D9 A BT /KR ML SC DC 58 AL
22 VRN A s R BT BT PR O, T AE = 45 3ty 0] DG I8 580 DC il B
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Fig.5 RDA analysis of environmental factors and microbial community structure
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TRASAEE R T W Y f Bt f A= g 2 Y e ST I KR D8 A8 52 IR A B T s 437 300 1A
RTE, KOLH R, DO AHXTAL/ N, D8 i L E TR A BUAT AR TR ( Thiobacillus ) , ' 4T B BGRF 3.109% , [7] 2 7]
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B HA A AR
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