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Abstract: [Objective] The Yellow River estuary located at the confluence of the Yellow River,
land, and ocean is an area with mixed freshwater and seawater and a diverse and productive
estuary ecosystem. This study aims to characterize the bacterial communities in freshwater and
seawater of the Yellow River estuary. [Methods] High-throughput absolute abundance
quantification was adopted to measure the absolute abundance of bacterial communities. The
dominant taxa, o and B diversity, co-occurrence network, assembly mechanisms, and potential
functions were compared between the bacterial communities in freshwater and seawater. The
correlations between dominant taxa and environmental factors were explored. [Results] The
absolute abundance of bacteria in freshwater was 2.61x10° copies/mL, which was 1.8 times of
that in seawater. The common dominant phyla in freshwater and seawater were Actinomycetota,
Pseudomonadota, Cyanobacteriota, and Bacteroidota, with significant differences in absolute
abundance. The abundance of Actinomycetota ranked first in freshwater, which was
approximately equal to the sum of all dominant phyla in seawater. The abundance of
Pseudomonadota was the highest in seawater. The alpha diversity of bacteria in freshwater was
higher than that in seawater. There were significant differences in the bacterial community
structure between freshwater and seawater, mainly due to the differences in the abundance of

the dominant taxa. The bacterial co-occurrence network in freshwater was more complex and
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stable than that in seawater, and stochastic processes dominated the bacterial community
assembly in both freshwater and seawater. The bacterial communities in freshwater and
seawater presented different functions, while they shared some common functions. Metabolism
was the most abundant function, with higher relative abundance in freshwater than in seawater.
Five environmental factors ((pH, oxidation-reduction potential (ORP), electrical conductivity
(EC), total organic carbon (TOC), and total nitrogen (TN)) correlated with the dominant
bacterial taxa to different extent. There were collinear relationships among the four
environmental factors except EC. The dominant genera showing positive correlations with pH,
TOC and TN were all negatively correlated with ORP, and vice versa. Actinomycetota and
Pseudomonadota were positively and negatively correlated with pH, respectively. [Conclusion]
The bacterial communities showed great differences between freshwater and seawater in the
Yellow River estuary. The differences were mainly reflected in the abundance, diversity,
functional structure, and co-occurrence network. The bacterial communities in freshwater and
seawater had similar dominant taxa and assembly mechanisms. The results provide data support
for studying the microbial ecology and exploiting microbial resources in the Yellow River
estuary.

Keywords: high-throughput absolute abundance quantification; Yellow River estuary; freshwater;
seawater; bacterial community
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Table 1 Physical and chemical properties of water

samples

Groups T/°C pH ORP EC S TOC TN
(mV) (us/em) (%o) (mg/L) (mg/L)

R 27.8 7.97 133 988 0.54 3.73 3.59

S 223 7.57 153 42833 28.13 3.31 0.72
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Figure 1

Absolute and relative abundances of top 12 taxa of bacterial communities in freshwater and

seawater. A: Absolute abundance at the phylum level. B: Relative abundance at the phylum level. C: Absolute
abundance at the order level. D: Relative abundance at the order level. R: Freshwater; S: Seawater.
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Figure 2 Clustering heatmap of absolute

abundances of top 30 phyla in freshwater and
seawater. R: Freshwater; S: Seawater.
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Table 2 The alpha diversity index of the bacterial community

Groups Goods_coverag index Observed species index  Shannon index Simpson index Chaol index ACE index
R 0.992 4b 2 607a 4.452a 0.038 2a 3369.928a 3 536.930a
S 0.997 7a 1117b 4.057b 0.044 7a 1218.904b  1265.850b

Different lowercase letters in the same column indicate significant differences between groups (P<0.05).
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Figure 3 Principal co-ordinates analysis (PCoA) (A) and non-metric multidimensional scaling (NMDS)
analysis (B) of beta diversity of bacterial communities. R: Freshwater; S: Seawater.
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Figure 4 LEfSe analysis of biomarkers in bacterial communities. R: Freshwater; S: Seawater.
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A
© Pseudomonadota (43.32%) © Verrucomicrobiota (1.61%)

© Actinomycetota (20.32%) « Bdellovibrionota (0.53%)
Bacteroidota (19.25%) ‘Margulisbacteria (0.53%)

© Cyanobacteriota (11.23%) © Chloroflexota (0.53%)

© Planctomycetota (2.15%) = Campylobacterota (0.53%)

Node: 187 — Positive (99.45%)
Edge: 2 189 —— Negative (0.55%)

C

© Pseudomonadota (48.09%) ¢ Desulfobacterota (0.76%)

© Bacteroidota (25.19%)  © Verrucomicrobiota (0.76%)
Cyanobacteriota (18.32%) « Patescibacteriota (0.76%)

©Campylobacterota (0.76%)

Pseudomonadota (42.18%) © Planctomycetota (2.72%)
@ Actinomycetota (27.89%) - Chloroflexota (1.36%)
Bacteroidota (12.24%) - Margulisbacteria (0.68%)
© Cyanobacteriota (6.80%)  © SAR324_cladeMarine_group_B (0.68%) « Actinomycetota (3.82%)
© Verrucomicrobiota (4.76%)« Armatimonadota (0.68%) © Bdellovibrionota (1.53%)

—— Positive (85.79%) Node: 131 —— Positive (89.51%)
Negative (14.21%) Edge: 3 317 Negative (10.49%)

—0

Node: 147
Edge: 3 745

El5 MEABMELAWEE A REKE B: KKK C: KKK

Figure 5 Co-occurrence networks of bacterial communities. A: Mixed water. B: Freshwater. C: Seawater.
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R3 WAEMFLANBHINSH

Table 3 Topological properties of bacterial communities co-occurrence networks

Groups % b FEYREE P B AL 15 5L
Node Edge Average degree Graph density Modularity index

R+S 187 2189 23.41 0.13 0.72

R 147 3745 50.95 0.35 0.58

S 131 3317 50.64 0.39 0.43

R4 TREED IR KK E R &2 i 32 A9 HE X STk

Table 4 Contributions of different ecological processes of bacterial communities in water

Groups [A]FT e+ g (7] JoE 4 R I AR
Homogeneous selection (%) Heterogeneous selection (%) Homogenizing dispersal (%) Dispersal limitation (%) Drift (%)

R 0.14 2.97 3.98 0.28 92.63

S 1.46 4.79 0.57 0.27 9291
- =R WG 46 NIhEE, HAAEXTERERT
' 2.00%INRER 11 1~(GR 5). H)E THRASTh
0s RERIEE JZNRER 6 4, il BRI
S » B ARG sea il ZIEER A
S 00 . HIBNN T A A R A AT R A, Hid, 4
g BRFIAEYE 1 (7 B i 5, ZEIR KK AR B 75 T 8 Hh P
s . o LA 5 5 T K 43 Bl 41.07%H1 40.54%
' : A, BOKILA IR AERACITER K R
i, R A 5 3 v TR OK, T A SR R A AETR K R ) =

i AR T K .
-0.5 0.0 0.5

PCA1 (98.71%)

6 MERFENBEEAMEND P R:IRIKK
MX; S: AR
Figure 6 Principal component analysis (PCA) of

the functional composition of bacterial communities.
R: Freshwater; S: Seawater.

(cellular processes) % A &%) (human diseases)>
A ¥l F# % (organismal systems), H:HHT 3 25THE
FEEZ IR 90.85% (IR/K)F 89.72% (HF7K). 2 Fl
KA 4 TR A T B) A X = B A 7R I 2 2% R i T R
(B 7), BRI (5 DAL B REFEIR KK
P ARG 2 B 2 T K, A R AL
ARGV REAEME K KA A i =F B B 2 8 TIROK . 7

2.8 MEMMEIMNEEFHEXME

/K& pH, ORP, EC., TOC Fil TN Z£3f 85K
T IR B K AN B TR 2R E R K 20,
AT FEA A 5 IR IR K- AH S 1
db-RDA 4345 R anfEl 8 ffi7R. db-RDA P E K
RUFWE pH, ORP, TOC A1 TN X 4 NEREE[A T
fEfEILR o R, HILLL pH EAIRZE, 5 EC
L[ FHF db-RDA 2047, HEPHh db-RDAT Hli Al
db-RDA2 it FEAS AR b 1 B 5k 73.89%F1
13.03%, AR 86.92%192% 505 6. . HEEA 1
Z (A1 Je f R W PR 7 2 (Rl AH e, pH 5 EC
Z IR, VLB A A DG E R . FRBE
Tk ERRILT YR R, pH 5
EC KEHIT, UL 51T 10 L3R F B

http://journals.im.ac.cn/actamicrocn



4350

BAO Wenxiu et al. | Acta Microbiologica Snica, 2024, 64(11)

KARBEARRL PREE A 1 2k 5 S B R i ez
V] P Je £ S Wi Ao 55 A 455 DR - 22 1] R AH DG 1 o i
10 P3P Fheh, HAAARTTS pH ZRIJ
i, BIEAX, 5 EC 2HAMHK; BRAME
], WEAH T TR TS EC BIEMRER,

5 pH 2R, HARYF AR X, 5

R S

Genetic in formation
processing

Metabolism

Organismal systems

Human diseases
| | | L

pH il EC BUMISCIER/IN e MFEAS mi I IR EE A 1
i Sk AR, B A R I Y B A R BRI I
TREA TRV S AT R RN, 5 7 Sk 17 18]
el —HUUKRIE . TUMSETE. pH X IR K 4 R
PO AR ARG, XK A TR AR I O3 A S A
K BCRMINIEME, —FH AL

95% confidence interval

@R @S
1
1
! e 1.0x10*
1
1
D e 25410% 2
I -
L a,
g | 1.0x10™
;
o : 2.0%10+
1

0 20 40 60 80
Relative abundance (%)

7 HERFEERMNE—ELR

R: IRAKKIK; S

-1.0 -0.5 0.0 0.5

Relative abundance difference (%)

TR KA

Figure 7 Functional prediction of bacterial communities (level 1). R: Freshwater; S: Seawater.

x5 AEMHFUDEMMNEZELR)

Table 5 Functional prediction of bacterial communities (level 2)

HRHIRE

Functions at level 2

fitJ& s — =R RE

Belonging to the functions at level 1

R (%) S (%)

SERFIMEYE

Global and overview maps

KA A

Carbohydrate metabolism

SRR A

Amino acid metabolism

fE /1t Energy metabolism
LhBh A TR 4 Z i Metabolism of cofactors and vitamins
AT R A

Nucleotide metabolism

H#1% Translation

ZHIF11& 2 Replication and repair
iz %7 Membrane transport
{5514 S Signal transduction

N REE - JE AW Cellular community-prokaryotes

41.07a 40.54b Metabolism

8.58a  8.40b

7.83a 8.21b

4.93a 4.72b

44la 4.42a

2.58a 2.38b

3.26a  3.00b Genetic information processing

2.70a  2.41b

2.95a 2.86a Environmental information processing
2.17a  2.13a

2.20a  2.14b Cellular processes

Relative abundance greater than 2.00% of functions at level 2 are listed in the table. Different letters in the same row indicate

significant differences (P<0.05).
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Figure 8 Redundancy analysis (RDA) of top 10

phyla of bacterial communities and environmental
factors. R: Freshwater; S: Seawater.
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Figure 9 Heatmap of correlations between

dominant genera and environmental factors. *:
P<0.05; **: P<0.01; ***: P<0.001.
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3 Wit

308 2 X AT AV TR K ORI K 7K AR 40 T B
PEUEAT 16S rRNA FE[H 38 46 X /e /AT, 18
TNIZHIX 2 Ff K A 20 TR R AE .

RAKKIR OTU Bz & Tk, —HIf
OTU 43354 A M OTU iy 10.8% (17K)F
22.4% (HEK), Z5 OTU %5 89.2% (I%R/K)F
77.6% (HF7K). 2 Fikik25% OTU &It OTU
B L, KU 2 FOKIRA IR AR R 22
o MAEFEE o M B ZFEMER TSR BOR,
RATKIRH RIS o 2R & TR A, 2 Ff
KM RS AN N 2ER, X5
OTU Z5R—3. KRR & AR FE AR
], W RE A2 2 FlOKAR AN RV A 2 22
SR o IRAIKAACSRAE s 6r T BT Ui, BETR[K
RETRV S, BRI 2, SR EURL I 2 750 A P 4
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A FF I 78 3R AT Sy A TR B A AR K
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TR 25 0 S Z2 B P 1) S i 12500 Campbell
G OVE 3o X AT 11 5 BB B A K AR AN B R R
BEATHIFSE . $i8 HARER E (<5 %0) /K A4 2 T 22 FEAE ]
R T A AEER T (5%0—30%0) K 1A 5 ABIESEHIRIK
PIEREEN 0.54%0, HEKAIEREE R 28.13%., HZ
FEMERLAE S A T 25 R — 3

Bl 5 1R JK 0T K K A 4 TR ek R
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KA B ERE A 2.5%10° copies/mL, S5AHF
ST W T 1 AKOK AR A R B FE A — 3, i
BRAIEEDIR ] qPCR 7 ARG 1 105 88 2 % 40 1]
A1 A AN B R 107-10° copies/mL,
o T E A DR ACOK AR B, AT g
SR WA R W 8] T vh B SR Bk 2 B
Yang 25 PR 9 240 ARG T AS ) 24T
I 5 R i Tl 1T AP T T e A 40 B R R, YE R AE
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PRI AR AESE [RPL AR T], A& B 4a%)
JEAWIR 225, KT ET TR R, 1YL
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(55.3%)> MR FA AT 1(23.3%)> W AT [ 1(8.9%) ;
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