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Structural differences and associated environmental factors of
bacterial communities in water and sediment of Diannong River
during winter
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Abstract: [Objective] To explore the structural differences and associated environmental factors of
bacterial communities in the water and sediment of river ecosystems during winter. [Methods]
Fourteen sampling sites were established for Diannong River in winter. We employed high-
throughput 16S rRNA gene sequencing to systematically analyze the bacterial community
composition and diversity, constructed co-occurrence networks, and evaluated the roles of random
processes in community assembly. Furthermore, we performed correlation analysis with
environmental factors. [Results] The bacterial communities in the sediment had higher alpha
diversity indexes than those in the water (P<0.001) and more stable community structures. The beta
diversity decomposition showed that the community differences between water and sediment were
mainly related to species turnover. Random processes dominated community assembly in both
habitats. The co-occurrence network of bacteria in the sediment was more complex with stronger
cooperation. Key species were primarily involved in carbon and sulfur cycles, and rare taxa played
an important role in network stability. The bacterial communities in water were mainly influenced
by environmental factors such as dissolved oxygen, chlorophyll a, and water temperature, while
those in the sediment were influenced by pH, organic matter, and nitrogen factors. [Conclusion]
This study systematically reveals the differences in the structure, co-occurrence network, and
related environmental factors of bacterial communities in the water and sediment of Diannong
River during winter, providing scientific evidence for a deeper understanding of the ecological
adaptability of river bacterial communities in the freezing period and the different patterns of
bacterial communities between water and sediment.

Keywords: Diannong River; water; sediment; bacteria; co-occurrence network
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Table 1  Geographic coordinates of the sampling
sites in the Diannong River

Sampling sites Longitude (E) Latitude (N)
number

DN1 106.092 141° 38.246 516°
DN2 106.124 942° 38.281 131°
DN3 106.138 243° 38.312 258°
DN4 106.185 612° 38.328 231°
DN5 106.217 437° 38.396 669°
DN6 106.210 558° 38.429 898°
DN7 106.235 055° 38.422 793¢
DNS8 106.246 261° 38.433 712°
DN9 106.208 497° 38.459 421°
DN10 106.211 232° 38.473 686°
DNI11 106.211 693° 38.486 617°
DN12 106.240 445° 38.613 304°
DN13 106.251 915° 38.670 969°
DN14 106.318 387° 38.704 847°

DO). pH. H 5 R (electrical conductivity, EC).
SV M 14 (total dissolved solids, TDS)id i £
SHUK UL (HACH A D)L & s HATE
br fJ F5 &L % (total phosphorus, TP). A AU
(available phosphorus, AP), JL & (total nitrogen,
TN). ZANH;-N), WASANO, -N). =5 iR
R HEH(CODMy) . M4 2 a (Chl-a) Fll SO ¥4
M (RO A BT ARifE) (GB3838—2002) 7
FIRR ST s o DU BAL FE bR AL o0 #r 8 0T,
345 pH. SE(TN). EHE(TP). AIHLII(SOM).
B A (NH, -N) . AR NNOS-N). A& (AP)
FIHL SR (EC), W kS S0k [22] .
1.3 DNA RHSSEENF

KA 16S rRNA JEH P38 0 5 H AR 43
IR A2, 15, 1] DNA $HGR
F G R AEARRH R (b 50 A FR A A 146 HURE b A2
DNA, FFHIFH 1% 350 fE e i i oA ) H: 4 i
Mk . WS, 5149 341F (5'-CCTAYGGG
RBGCASCAG-3") fil 806R (5'-GGACTACNNGG
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GTATCTAAT-3")#£ 1T PCR 4”1 16S rRNA %:[A
() V3-V4 Al 48 [X 5 . PCR JZ i 44 £ (50 pL):
2xPhanta Max Buffer 25 pL, dNTP Mix
(10 mmol/L) 1 pL, . TFUE5I4¥1(10 umol/L) 4%
2 uL, DNA B4 M5 UL) 1 pL, DNA 1 puL
(<50 ng/uL), ddH,O 18 pL. PCR 4" H4 4 {4 :
98 °C 1 min; 98°C 10s, 50°C30s, 72°C30s,
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e 51 20 Wy Rl i Bl o X EE Silva B 1E
(version 138)5¢ W20, ¥ FNvE B T4 i AL 5%
RECIERH A A BR 2wl 58
14 BESGU S5
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RN o YN o 2 FE P $8 % (observed species .
Shannon, Simpson il Chaol)ifi i R H' )} Vegan
AT, IR H Wilcoxon Fk FIKS 56 1A% KK 5
DURRYIA] Y 25 57 o AR F 7K 45 14 22 57 HE T Bray-
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(canonical correspondence analysis, CCA)., & [#
R w0, A7 2K K - (variance
inflation factor, VIF)J:-HEFE VIF>10 19728 & J5 i#f
1T CCA 4r#r. BtAb, it Mantel #5355 (Spearman
AHOCHE) 53 B 4 T A 7 454 5 B 58 IR 1 22 R Y
KHo

x2 HAALFKFGTRYERENSH

2 HERS5MHT

2.1 KA SIRFRIRY IR (L FIE

Hife o] 2% ZR K R 5 UL LY 1) 32 B Ak
ZRLFR 20 KRR 3.36 °C (Vi H
0.60-5.60 °C), I AN A AR AR, K
PR AR Y R 5 B 2R 58 . Kk DO
W, EC. TDS. TN #l Chl-a Z4545 B A W
WS . DU AR T SOM T TN %
B, Hob TN, TP, NH/-N, AP #KEH T
B KA, T EC WHR TR, KT 2 Ak
TEE TR S & AR FHIE L2 5.
2.2 IKIESRRYIEEEELERIAERK
MM

o ZREEVE PSR- 1A) B, DUBRIRES
Hh4l B 7% B9 Observed species. Shannon #l
Chaol #8 %034 0 3 & F KM AE i (P<0.001), 43
e 176.3% . 39.8% Fl 175.5%, MU
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Table 2 Major physicochemical parameters of water and sediment in the Diannong River during winter

Physicochemical indicators Water Sediment

WT 3.36+1.65 °C

pH 8.11£0.10 8.46+0.14

DO 12.450+5.680 mg/L

EC 749.930+370.220 ps/cm 304.290+191.880
TDS 622.0004£291.710 mg/L

NH;-N 0.315+0.108 mg/L

Chl-a 8.740+8.660 ng/L

TN 2.916+3.151 mg/L 1.045+1.234 g/kg
TP 0.111+0.051 mg/L 0.475+0.347 g/kg
AP 0.002+0.001 mg/L 9.688+7.045 mg/kg
NO, -N 0.032+0.027 mg/L

CODy, 3.521£1.267 mg/L

SO, 403.520+166.620 mg/L

SOM 24.340+31.690 g/kg
NH,"-N 34.860+25.800 mg/kg
NO;™-N 7.185+4.568 mg/kg
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Figure 1

Analysis of diversity, composition, and structural differences of bacterial communities in water and

sediment samples from the Diannong River during winter. A: Alpha diversity indices (***: P<0.001); B:

Composition of the top 10 bacterial phyla; C: Composition of the top 10 bacterial genera; D: PCoA analysis of
bacterial communities in water and sediment; E: Decomposition of bacterial beta diversity.
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W /K{Ak Water
W W) Sediment

M ab: £ Comamonadaceae
M ac: £ Sporichthyaceae

M ad: £ Hydrogenophilaceae
M ae: f_ Burkholderiaceae

M af: £ Microbacteriaceae
W ag: £ Chloroplast

M ah: £ Rhodobacteraceae
M ai: £ Anaerolineaceae

M aj: £ Desulfosarcinaceae
M ak: £ Saprospiraceae

M al: £ Rhodocyclaceae

M am: f_Steroidobacteraceae
M an: f  Bacteroidetes vadinHA17
M ao: £ Alcaligenaceae

W ap: £ Spirosomaceae

M aq: £ Clade 111

M ar: £ Sphingomonadaceae
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M as: f Flavobacteriaceae

M at: £ Cyclobacteriaceae

M au: f _ Chthoniobacteraceae
M av: f Gemmatimonadaceae
M aw: f_ Nitrosomonadaceae
B ax: f_Sphingobacteriaceae
M ay: f_ Sutterellaceae

M az: g Thiobacillus
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M bd: g Polynucleobacter

M be: g Rhodoferax

B bf: g Sporichthyaceae
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M bh: g Chloroplast

M bi: g Candidatus Aquirestis
M bj: g Polaromonas

M bk: g Candidatus Limnoluna

M bl: g Bacteroidetes vadinHA17
W bm: g GKS98 freshwater group
W bn: g Clade 111

M bo: g Flavobacterium
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M br: g Pseudorhodobacter

M bs: g Pedobacter

W bt: g Sva0081 _sediment group
M bu: g Sphingorhabdus

M bv: g Pseudarcicella

B bw:s_ Polynucleobacter_difficilis
M bx: s Candidatus_Planktophila
M by:s_ Candidatus Fonsibacter
M bz: s Limnohabitans_sp.

M cd: s Candidatus Nanopelagicus

M ce: s Chrysochromulina_sp.
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Figure 2 Phylogenetic tree of bacterial communities (A) and LDA effect analysis (B) in Diannong River water

and sediment during winter.
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Figure 3 Neutral model fitting and niche width analysis of bacterial communities in water and sediment samples
from the Diannong River during winter. A: Neutral model fitting of bacterial communities [The solid line
represents the best fit line of the model, and the R* value is used to assess the degree of fit between this curve and
the data points; The dashed lines indicate the upper and lower bounds of the 95% confidence interval of the
model predictions; Nm represents the product of the average total number of individuals of species (V) in the
samples and the migration rate (m)]; B: Niche breadth of bacterial communities in water and sediment (ns: Not
significant).
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Figure 4 Co-occurrence network and Zi-P; analysis of bacterial communities in Diannong River water and
sediment during winter. A: Bacterial co-occurrence network analysis; B: Z;-P; analysis [In each group (water,
sediment), the left panel shows node colouring based on phylum level, while the right panel shows node

colouring based on modularity class; Larger node sizes indicate larger average degree].

x/3 HRNEFKESTRAERE LI ERIMHES
Table 3 Topological parameters of bacterial community co-occurrence networks in water and sediment samples

from the Diannong River during winter

| TREC B CFEE CFEMERE IEMSRLH) B SRR

Groups Nodes  Edges Average Average path Proportion of positive ~ Modularity index  Average clustering
degree length correlation coefficient

Water 313 455 2.907 4.364 0.953 8 0.869 0.483

Sediment 938 1482  3.160 12.890 0.9925 0.923 0.534
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Figure 5 Correlation analysis between bacterial community structure, functional abundance, and environmental
factors in Diannong River water and sediment during winter. A: Mantel test between environmental factors and
bacterial communities (* indicates P<0.05, ** indicates P<0.01, ***indicates P<0.001; In the Mantel analysis
heatmap, the deeper the color and the larger the area of the rectangle, the greater the absolute value of the

correlation coefficient); B: CCA analysis of environmental factors and bacterial communities.
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