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Microbial community structure of estuary of the Fenhe River into
the Yellow River in summer
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Abstract: [Background] River confluences have become a focus in ecological management of ariver basin.
[Objective] The microbial community structure and main influencing environmental factors at the estuary of
the Fenhe River into the Yellow River were studied. [Methods| The microbia community structure at
estuary of the Fenhe River into the Yellow River in summer was analyzed by means of 16S rRNA gene-based
Illumina MiSeq high-throughput sequencing, and the main environmental factors affecting the microbia
community were identified by canonical correspondence analysis. [Results] The alpha-diversity anaysis
revealed that the diversity of microbial community was high in this area. Microbia diversity analysis
indicated that the dominant bacterial phyla were Proteobacteria, Firmicutes, Bacteroidetes and
Actinobacteria; at genus level of taxonomic criteria, the dominant genus was Bacillus, followed by
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Lactococcus and hgcl_clade. Spearman correlation analysis and canonical correspondence analysis (CCA)
showed that environmental factors had significant effects on the microbial community structure of water.
[Conclusion] The microbial community composition was different between the Fenhe River and the Yellow
River, different environmental factors had distinct effects on diverse microorganisms. The microbial
communities were mostly affected by pH and dissolved oxygen (DO) at the estuary of the Fenhe River into

the Yellow River.

Keywords: Estuary of the Fenhe River into the Yellow River, Microorganisms, High-throughput sequencing,
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Tablel Water quality parameters of different sampling sites
Samplename DO (mg/L) Temperature (°C) pH COD (mg/L) TP (mg/L) NH;"-N (mg/L) TN (mg/L)

F3 4.73 321 6.78 76 0.60 2.50 4.10
F4 4.28 31.2 7.12 63 0.57 2.00 3.30
H1 6.66 30.9 7.29 49 0.41 1.10 2.10
H2 6.43 311 7.01 39 0.48 1.02 2.00
H3 6.62 313 6.98 31 0.45 0.97 1.83
H4 6.65 321 6.95 30 0.32 0.87 2.35
H5 5.70 320 7.12 28 0.37 0.72 1.23
H6 6.72 320 7.20 34 0.33 0.75 1.16
H7 6.62 311 7.42 24 0.31 0.61 1.09
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Table3 Dominant bacteria’sdistribution characteristics of each sampling site at phylum level (%)

Phylum H1 H2 H3 H5 H6 H7 F3 F4
Proteobacteria 58.89 46.82 45.83 57.37 60.94 61.74 41.45 43.67 75.04
Firmicutes 12.39 30.16 35.37 19.65 16.15 8.60 42.74 42.01 5.93
Bacteroidetes 10.95 9.67 8.30 11.39 12.65 5.26 6.49 7.62 10.19
Actinobacteria 10.59 6.65 4.48 5.35 3.39 17.97 4.59 2.29 274
Gemmatimonadetes 211 161 177 155 1.29 1.02 114 0.75 0.94
Acidobacteria 152 124 1.04 1.08 1.01 2.50 1.02 0.54 0.72
Chlorobi 0.86 0.66 0.47 0.61 0.66 119 0.40 0.56 0.71
Cyanobacteria 0.55 117 0.48 0.37 0.60 0.56 0.57 0.31 0.78
Nitrospirae 0.60 0.48 0.48 0.65 0.79 0.34 0.30 0.42 0.58
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Table4 Spearman correlation analysis of dominant bacteria and environmental factors

Genus DO Temperature pH COD TP NH4"-N TN
Bacillus -0.18 0.17 —-0.39 -0.17 0.05 —-0.03 —-0.02
Lactococcus -0.12 0.07 —-0.26 —0.30 —0.08 -0.17 -0.15
hgcl_clade 0.88 —-0.36 0.46 -0.20 -0.52 -0.33 -0.45
Thiobacillus -0.85 0.33 -0.33 0.07 0.30 0.18 0.45
Candidatus_Nitrotoga -0.82 0.38 -0.23 0.13 0.28 0.15 0.35
MWH_UniP1_aquatic_group 0.77 —-0.52 0.70 -0.15 -0.53 -0.32 -0.47
Hydrogenophaga -0.73 0.16 -0.35 0.55 0.63 0.65 0.78
CL500_29_marine_group 0.84 -0.25 0.30 -0.13 -0.38 -0.25 -0.37
OM27_clade -0.37 -0.05 -0.18 -0.07 0.25 0.12 0.20
Sreptococcus -0.12 0.07 -0.26 -0.30 -0.08 -0.17 -0.15
Methyloversatilis -0.84 0.53 -0.49 0.17 0.37 0.25 0.50
Thauera -0.76 0.27 -0.25 0.25 0.33 0.35 0.60
Marine_group 0.83 -0.52 0.59 -0.22 -0.47 -0.37 —0.60
Carnobacterium -0.19 -0.03 —-0.25 -0.33 -0.05 -0.15 -0.13
12up —-0.63 0.35 —-0.03 0.18 0.17 0.15 0.35

TE: R HUERR Spearman HIDCRBUE, IE(EAGRIEMSE, SABEERGAASE, Bl I/ MU R S K.
Note: The values of Spearman correlation are shown in the table; Positive values represent positive correlations, negative values represent
negative correlations, and numerical values represent high or low correlations.

3 Wit

A ZREE T a5 A2 B 1Y) 16S rRNA I
R4 X S 5% . Claesson Z52%%t 16S rRNA 3
OAAIAR X HEAT T4 3G F 43 Hr Hoxd 2@ /K F B
HERfR, 25 M V3. V4 I V5 XA, V3IV4
DX A DI R S PR 5 |0 83 1 B 4 i 4
Moo V3-V5 X5 A Rz Y, AHF SR i
A=Wy 16S rRNA B V3-V4 35728 KT 7%,
AYMT T UL ACEE 1T X G KA T R A MR 2 R
P DL 97901 ¥ 81 AR RL P HEAS 21 1 32 R e 2 R oy
1 620-2 811 %% OTU, Ml A B I1{44E4 Shannon
ZREVHEBOLIT T LA 16S rRNA TR SCZER AR X)
B Z AR PEVEA T 43 AT Y BT i T B (Shannon (i
g 2.17-4.40)173, 5 AR A6 S PR RS AR
ZHREHELT 16S rRNA 5afE SO i 5 i)
(A IR 2540 HAT — 2 1 22 54, iX 5 Jackson
2 (23N gy BF 5 44 AT — Bk, A AT] S B85 TG G LL T
14 3 T U 200 DA VR 5 S I T A TR R T AL e
NG

ABFE R, WA KRR AR T L T
LRI T RERE R T T TR A o U] A e
PIREIE LR AT IR T L R TR T RIS RE TR ]2
BAVFERRIKIET ], CARESIRE L ENITEIRK
HEAS R TIZ AR Y A KA AT
IS == S T E 1 AN B Ll P 2 o
PERIDFFERA — S0 UM R TE R b 2 5L G B4R
KA AT A DR B R D AT
PRALT RAFHAE RIS . AR R BLE K M
PUFFB T IRk BT R B TSR 112 AR
5% & BRAE U ] A ¥ 1 JEEBE TR ] (Firmicutes) 7 AH
% KT Bacteroidetes il Actinobacteria. Jeon
21280 SR RE TR 1 U2 S B 2 5 T
YA B VR P v JEERE B B A Ry, PTRE R T &L
T K5 2 R B VR o AT, 323K
Uil A 1 7R A4 H JEERE BT 1 TRET = B i i o Vil R
FESUKIRRBATEE | AR E R | B EHEE
Methyloversatilis, FdJE[REJE . 12up, AR &
BRITRE 2 B ) S 5 TSI ) R ] il B i AR
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1 30 2 Tl B K A v 3 B2 AL 0 S il R SE AR TR
J& . Methyloversatilis, 12up. V.filjf& B & Flig i
J&, TE5 Uil SIS R R A AN R AR B Y 1
hne AT E BE R IR P AR I RE B, P2
WAT R ETCHL I BHAS AR R A DY), RS A
AR RES Skt R, M A A R0,
WE U R RERB DL RO M 2 R ML) . BT
J& A R TR NG S s 1 U T JBURE ) R
FERFEIAE S, ATREE I Tk BT 2, XL
FCEVIITT BT L, AR TR AR

R C NG W B 7 N Rl I 2 Al S el £
Spearman IS HT AL, DO SNl GRAT RS |
WAHRSAEE . WEERERYER, 1 COD. TP,
NH,"-N #1 TN ZI7EARRFRE 4w T eEfm+EE,
KA EE . WA RS . W88
WA BESFA LG S A B i iE e ; DO
*f hgcl_clade, MWH_UniP1_aquatic_group 3= 1)
BN EE, W TP Xl TAMGIER. Wil A
BRI pH ZBEfb2E RN, Ti—LEREYIXT pH
FEI U, hgel_clade, MWH_UniP1_aquatic_
group ! marine_group 3Z £ pH & WAL SEVER , i
pH XA i J&E . B A I & il Methyloversatilis A —
SE A o PRI IR 1 AR A 23 X0 A A — 2 1Y 52
e, A [R] B i 52 AN [ PR 458 DR A8 S e A B AN [
4 g

(1) ABFFCRFET 16S rRNA 3 [H A i i
WFHAR, ERGTHT T il AE H XK ik
HEVIRER A, A5 R R IIZ I A i Ts 2k
B Ui ANB AL A Y RN AR ITE T
(Proteobacteria), HK hJEEER ] (Firmicutes),
FF 1] (Bacteroidetes) . Jit2k I 1] (Actinobacteria) ;
EEAHTH R O 2 T s (Bacillus) . FLER R
(Lactococcus) . hgcl_clade,

(2) Vil AHE KA TR AR R 2 S5 4 R AR A
R, 9 MU A 816 MAHIFI OTU, i
VBT ) fl A ) 2 S5 DR VT 5 T I %A

[ A M2 ek, Uil 5 s T A M A 2 L
A2, DRI SO XN i e
A 4t i) 22 55 W1 .. Spearman AH L4317 f2 CCA
IR WA (] 11 52 K AR 358 DR 5 1) 532 i e E 22
SR, pH Al DO M AT 1 il L Wi v 41
JICH TSI A T
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