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Community structure and interaction of bacterioplankton
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Abstract: [Objective] To explore the effect of water pollution stress on the bacterioplankton
community in the river. [Methods] Principal component analysis was performed to classify the water
pollution stress into high, intermediate, and low levels. The diversity, composition, and interaction of
bacterioplankton in the main stream of Jinjiang River in Poyang Lake basin were analyzed via
high-throughput sequencing technology. [Results] The dominant phyla of bacterioplankton in the
Jinjiang River under pollution stress included Pseudomonadota (13.53%-45.83%), Actinobacteriota
(17.05%-40.50%), Bacteroidota (5.79%—31.56%), Cyanobacteria (0.41%-59.31%), and Bacillota
(0.11%—4.81%). Among them, the abundance of Bacillota differed significantly (P=0.03) between
different levels of pollution stress. The bacterioplankton composition varied significantly (P=0.046)
between different levels of pollution stress. The Chaol and ACE indices were significantly higher in the
areas with low pollution stress than in those with medium pollution stress (P=0.024 and 0.037), and
Shannon diversity index did not show significant difference. The topological characteristics of the
symbiotic network indicated that with decrease of pollution stress, the complexity and stability of the
bacterial symbiotic network increased and the interaction between bacterioplankton enhanced.
[Conclusion] Pollution stress significantly changed the structure and interaction of bacterioplankton in
the Jinjiang River. This study provides ecological reference for the detection, monitoring, and control of

water pollution from a microbial perspective.

Keywords: water pollution stress; high-throughput sequencing; bacterioplankton community; diversity;
bacterial community interaction
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Table 1 Water pollution stress ranking

Samples Integrated F-value of water pollution stress Pollution stress subgroup
Jo1 3.579 High pollution stress

Jo2 1.175 High pollution stress

Jo3 0.088 High pollution stress

Jo4 1.209 High pollution stress

J10 -0.387 Intermediate pollution stress
J11 -0.114 Intermediate pollution stress
J12 —0.586 Intermediate pollution stress
J13 —0.140 Intermediate pollution stress
JOS —0.587 Low pollution stress

Jo6 -0.764 Low pollution stress

Jo7 -1.474 Low pollution stress

JO8 -1.189 Low pollution stress

JO9 -0.809 Low pollution stress
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Figure 2 Abundance of bacterial community phylum levels (only the top ten species in abundance are
shown, the rest of the species are combined to represent Others) (A) and test for significance of differences in
dominant bacterial group under water pollution stress (B).
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Figure 3 Inter-group differences in alpha diversity of bacterioplankton communities under water pollution

stress (A) and correlation between stress factors and alpha diversity (B).
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Figure 4 Differences in bacterial community structure under water pollution stress (PLS-DA analysis).
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Table 2 Mantel test of bacterial community and
stress factors

Pollution stress factor ~ Correlation (7) P-value
pH —0.002 0.984
EC 0.355 0.066
TDS 0.366 0.065
NH4"-N —0.071 0.685
NO; 0.520 0.006
DO 0.149 0.399

Black characters are the significant influencing factors of
bacterial community.

Table 3 Correlation results between stress factors and dominant bacterial group

Item Pseudomonadota Actinobacteriota Bacteroidota Cyanobacteria Bacillota
pH —0.043 —-0.610* 0.484 —0.022 —-0.319
EC 0.354 —-0.254 0.337 -0.320 0.519
TDS 0.388 -0.217 0.338 —0.369 0.572*
NH,"-N 0.580* 0.017 0.094 —0.426 0.349
NO;~ —0.478 —0.148 —0.154 0.236 —0.709**
DO —0.610* 0.088 —0.143 0.330 —0.280
Blacked-out font indicates significant correlation between the two. * represents P<0.05, ** represents P<0.01.
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Figure 5 Symbiotic network of bacterioplankton communities under water pollution stress, red and green
lines indicate significant positive (Spearman correlation, P<0.05, 7>0.8) and negative (Spearman correlation,

P<0.05, r<—0.8) correlations, respectively.
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Table 4 Interaction network parameters of bacterial communities under different water pollution stress
gradients

Network indexes High pollution stress Intermediate pollution stress Low pollution stress
Total nodes (TN) 252 269 322

Total links (TL) 1628 2120 2 473

Average degree (avgK) 12.9 15.8 15.4

Negative links (NLs) 316 511 722

Positive links (PLs) 1312 1 609 1751
Negative/Positive (NP) 0.241 0.318 0.412
Connectedness (Con) 0.694 0.935 1

Modularity (M) 0.506 0.543 0.576

Efficiency (EFF) 0.931 0.941 0.955

3 Wik

ARG RN, KT e T30 o) b 2
BUE TSRV ER I AN R 2 AR S A R
L B TF UE AW B V%K & Pseudomonadota |
Actinobacteriota . Bacteroidota. Cyanobacteria
Y5 Bacillota, 5HAth*FTEE NN KA 5T
A A 2 SR 2O i T G 38 1 U
JIN, Bacillota 5 Bacteroidota WA FE 2
IR REHY, Bacillota 215 7K H K60 21 [ di 75
RAMHE 22—, Bacteroidota 5% 2 W33
PP B E TR OGP, R HE Y 0
BAEHR; HOCAHT /R, NOs 5 TDS /&5
Bacillota {0252 H . XAHE5 ERIX .
M HERCEE N PSR A G, T bl
(751 5 G 38 b D) 2 340 ) LR R B9 HEYS 11, HLT
B, KB/, FHARFERKX, WA
KRR BRI EY . BT, WiE. K
BT R AEFE AT R DL HEE Y A, AT RERE
W Bacillota 5 Bacteroidota WIFIXFFJE , T lH]
R 32 N1 Bl 52 W Bk I 2 T R iR (s
Jelria X)), TSR O 322 s R 7
2, HPEHWE S KRBT, X KIEE G A
AMBAER, T5 YW B X T B XN

<l actamicro@im.ac.cn, & 010-64807516

FEI R i (T G 36 i DX, ] j At T AR 4
J7, K CREERAT, 15 g AR A BT i i
AR WA X 5 o B K AR TS G 38 A ik /)
Pseudomonadota 5 Actinobacteriota ¥ FIX} =+ &
SIS, SRR 2R
=5 B 0 AR A 35— B (FE h Ts L 3 4k ik
P FAKRAE), X AT HEY NOs A %, 745 YL
4t , Cyanobacteria = 5 Fr A A i B 28 K58 43
(69.74%), 1M NOy W& Em T, lisg
i X, NOs #IA A ] LLIK Bl Cyanobacteria
S W AR T Pseudomonadota 5
Actinobacteriota AN =F -5 40 17 #v% 2
FEPES FE A R R

AHIF 5T S B AR L i 38 T I 20 7 5
YERIBIAZ O BEY N Pseudomonadota, FKAK
TS YL BRI, SCHREY A T R TR R D
s, s HAE A et ke MR K A4S e
Jih 38 B R T G R o SE AT WF A Ay i 3 e d oy
{18 21 AT A 5 ELVE T R R R R, O
PR A AR 4% 1 5 R B2 OTU ot
JIT Tl XeF TR 25 44 R T R ke B LA T,
MR R, YR LR IE K S B E RS A
BN I RE 0 2 2 AR AT 32 R A A B R (LD
Pseudomonadota) "] it B A5 H T5 () A= 5 7 58 )&



WAESE | A W2E, 2022, 62(12)

4573

FTESR 20 5 S A AT Re 1 2B e AT 0y ~F- A 4 i i bt
THCRETs, BT is e ihin g s i v LR
PIZ8 RS o TIAHRS TAZ O, SCEEI AP XS T
T G0 FR o 07 B Ry s 2 o B - AR TS G
BN R N E T Actinobacteriota
Cyanobacteria 5 Bacillota, &-"P-{Ki5 i
L PR AN AR A BAE RO RS E TR g, T
T i 1 58 Y e A 28 AN ANRTE T B B = i
Wy Fh DA s A 28 9Bt TR RE Ty o it Ab,
B Z MBS KA b R ] 28,
XEEBRER WAL, BE 4R 0w
JERE R T I AR R R TR WA A I B TR, T
AR B2 40 T 2 1T BE BB 8 8 45 b o 28 A T
VIR E DY, O Al 2R R Ay, ARl
DIFEA S R G R IR m 24 i | A
KM LA 2 22 S b — AR T KA G o
THTLFR W A R A2 AR BT . Rz
(] 719 £71 1LE A 56 AR DUFE AT P A A R S i
S 2 i FesE PENT, R IEADGHE LR (5 ALK
AL AR R R AEAE LA AR T g (S L . LR AH
HAERD R F, X T 05 Gl 38 i ma A A A 5
AN, AW R ANE S A% 3 i R e ) i 5 1A
K HELAEAR RGN 7] AL 13 25 i 2 ) OTU Hoc,
AT A S A 468 TR . ANEaE , T B 5
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(1) SRV YL it N B 7 i 20 R I 0 4
EHELHE Pseudomonadota (13.53%—45.83%) .
Actinobacteriota (17.05%—-40.50%) . Bacteroidota
(5.79%-31.56%) . Cyanobacteria (0.41%—59.31%)
Fl Bacillota (0.11%—4.81%) ., 5 I 40 1 FE 75 4
TEREG BB ERTRER EES
(P=0.046), " Bacillota 1E75 Y Wil 90 F i
F 2 5(P=0.03), TEfm {5 G ia b ik 3 ok,
Cyanobacteria TEAN [RIZK AR5 Je i ™ A K 2%
S, TERE A s R R, BV 5
B i E K

(2) NO; 252 Wi 7 Jir 20 121 A v 45 48 1Y W 35
38 A5 (P=0.006) . 5 7K 14375 G JHp 30 A Wi 43
K, o ZRPELEIERE R EE, bt
F & F£ Chaol 5 ACE $88UAEA Rl AKAK 15 L Jih 1A
SO N AFAE D 25 22 5 (P=0.024 F11 0.037), Shannon
IR BE I A .

(3) Bl AKAATS Ge bl 30 0800, 37 D A T 2
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A W25 () 52 Ze v SRR M3 i, I A TR R
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5 G 38 T T 3 A0 T R TR S B R RO T
W, - AT Guiaa A G Rl o s T

Actinobacteriota, Cyanobacteria 5 Bacillota.,
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