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Diversity of bacterial community structure and its driving factors in
three bays of Bohai Sea

WANG Cai-Xia'? WANG Yi-Bo!? LIU Peng—Yuanl’z WU Lin® SUN Yan-Yu!?
HU Xiao-Ke!*

(1. Key Laboratory of Coastal Biology and Bioresource Utilization, Yantai Institute of Coastal Zone Research, Chinese
Academy of Sciences, Yantai, Shandong 264003, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)
(3. Yantai University, Yantai, Shandong 264005, China)

Abstract: [Background] Sustainable development of coastal ecosystem has become one of the most
important concerns for people nowadays. Riverine output and anthropogenic interrupt have important
impacts on the coastal environment. [Objective] In this study, we collected 12 samples from three
transects including Bohai Bay, Liaodong Bay and Laizhou Bay to explore the microbial community
and diversity in summer of 2015. [Methods] DNA was extracted from water samples by using DNA
extraction kit. Samples were analyzed by Illumina HiSeq sequencing technology. We compared the
differences among these three transects according to the analysis results. [Results] The diversity
index and rarefaction curves showed significant differences among these three transects. The order of
diversity value was Laizhou Bay>Bohai Bay>Liaodong Bay. The distribution of the dominant
community was as follows: the proportion of Proteobacteria, Bacteroidetes, Cyanobacteria,
Actinobacteria and Planctomycetes in the Bohai Bay was 39.8%, 25.7%, 22.4%, 5.85% and 4.38%,
respectively. The dominant community proportion in Liaodong bay was Proteobacteria (37.8%),
Bacteroidetes (25.7%), Cyanobacteria (17.8%), Actinobacteria (10.4%) and Planctomycetes (5.64%).
While in Laizhou Bay there were only four dominant communities as follows: Proteobacteria
(59.0%), Bacteroidetes (17.5%), Cyanobacteria (8.2%), Actinobacteria (7.88%). By using the
principal component analysis (PCA) and Heatmap correlation analysis, we found that environmental
factors were key roles in controlling the microbial diversity in the Bohai Sea. Among them, the
concentration of nitrate was particularly significant according to the Mantel test analysis.
[Conclusion] The microbial diversity in the three bays of Bohai Sea was very rich and multifarious.
The population structure and species in the Laizhou Bay is the most complex and abundant among
these three bays, and then it is Bohai Bay and Liaodong Bay. There was a significant correlation
among microbial diversity, environmental factors and the spatial distribution. Above all, this study
will provide a theoretical basis for further protection and ecological development of Bohai Sea.

Keywords: Bohai Sea, High-throughput sequencing, Microbial diversity, Bacteria
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Illumina HiSeq 2500
15 HESHSAE
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USEARCH [26]
>97%
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Table 1 Environmental factors of Bohai Sea

Chaol Coverage QIIME
(D (Principal component
analysis PCA) (Heatmap)
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Figure 1 Rarefaction curves of OTU numbers

Samples Temperature (°C) Salinity (PSU) DO (umol/L) PO4-P (ug/L) NO3-N+NO2-N (ug/L) NHa-N (ng/L) NO2-N (pg/L) SiO2 (mg/L)

S46 25.08 30.809 6.113
S47 25.43 30.965 6.733
S48 24.87 30.890 6.841
S49 24.15 30.870 5.703
S50 25.12 30.894 6.957
S51 24.83 30.899 5212
S53 22.73 30.975 6.587
S54 21.03 31.319 7709
S68 25.79 29.558 5.927
S69 26.41 29.819 6.019
S70 25.68 29.536 5911
S71 26.19 29.659 6.164

5.30
6.35
5.44
11.45
7.77
15.40
9.41
9.02
26.22
10.02
9.78
11.97

12.103
37.833
36.281
76.344
26.517
55.759
64.853
14.333
329.263
192.664
238.513
153.585

14.848 12.985
21.819 9.803
10.861 1.868
41.306 4.744
34.029 11.572
76.613 8.433
19.199 2.320
26.836 9.433
324.616 3.584
170.298 11.439
199.646 5.991
71.590 4.574

0.300
0.250
0.252
0.272
0.587
0.845
0.356
0.206
0.449
0.506
0.193
0.501
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Community barplot analysis
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10 Community barplot analysis
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Figure 2 Community bar plot analysis
>1% A (Genus) B (Family)
C (Order) D (Class) E (Phylum) F >97% OTU

Note: Species with relative abundance (>1%) were chosen for the statistics. A: Community composition of genus level; B: Community
composition of family level, C: Community composition of order level; D: Community composition of class level, E: Community
composition of phylum level; F: Community composition of OTU level.
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Community analysis sunburst plot: Laizhou Bay

3 SZRUTEEEMR D E

Figure 3 Community analysis sunburst plot on Phylum level
A B C

Note: A: Bohai Bay; B: Liaodong Bay; C: Laizhou Bay.
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Table 2 Microbial diversity index of sea water samples in the Bohai Sea

Types Samples Sobs Shannon Simpson Ace Chaol Coverage
S46 536 3.125 0.194 675.509 657.852 0.997
Bohai Bay S47 654 4.100 0.049 1128.142 924.647 0.996
S48 807 4.400 0.034 1105.497 1101.409 0.995
S49 1057 4.570 0.031 1 454.500 1 461.503 0.993
Sum 3054 16.196 0.308 4363.648 4145411 3.980
S50 670 4.017 0.044 1 064.782 972.165 0.995
Liaodong Bay S51 736 3.989 0.053 1222.283 1 068.905 0.995
S53 762 4514 0.026 953.306 951.150 0.996
S54 727 4.248 0.033 974.955 972.310 0.995
Sum 2 895 16.767 0.156 4215.326 3 964.530 3.981
S68 1053 4.397 0.034 1 505.742 1 447.744 0.992
Laizhou Bay S69 1533 5.135 0.021 1 790.362 1 759.939 0.993
S70 899 4.540 0.029 1477.174 1241.045 0.994
S71 984 4.513 0.025 1 684.054 1 387.673 0.993
Sum 4 469 18.585 0.108 6457.332 5836.401 3.972
(GN)) 24 WEMEBMAEETZEPXR
Heatmap
(P<0.01) (P<0.05)
Spearman
PC1 67.49% PC2
22.37% 15000 - . Bohai Bay PCA on Phylum level
+ Liaodong Bay
10000} & Laizhou Bay Tem
Nitra
£ soo0p Nitri 53 549 &0
02 NMDS on OTUs level § ol S50 o Ammon a
5 Phosp
&~ 5000+
o —-10 000 - sal *
a
= ~15000 L w s w ‘ ‘
Z —-15000 —10 000 -5 000 0 5000 10000

+ Liaodong Bay
s+ Laizhou Bay
e Bohai Bay

-03 -02 -0.1 0 0.1 02 03
NMDS1

4 ETHEOM>97%H OTU KFELIEFEZHE S
i
Figure 4 NMDS plot on OTU level (similarity over 97%)

PC1 (67.49%)

5 [IKEEERS D
Figure 5 Principal component analysis (PCA) of phylum level

Tem Nitra Ammon Silic
Phosp Nitri Longi Latit
Do Sal

Note: Tem: Temperature; Nitra: Nitrate; Ammon: Ammonium; Silic:
Silicate; Phosp: Phosphate; Nitri: Nitrite; Longi: Longitude; Latit:
Latitude; Do: Dissolved oxygen; Sal: Salinity.
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Figure 6 Heatmap correlationship analysis on Phylum level
Tem Nitra Ammon Silic Phosp Nitri Longi Latit

Do Sal ¥ P<0.05 ** P<0.01 *** P<0.001.
Note: Tem: Temperature; Nitra: Nitrate; Ammon: Ammonium; Silic: Silicate; Phosp: Phosphate; Nitri: Nitrite; Longi: Longitude; Latit:
Latitude; Do: Dissolved oxygen; Sal: Salinity. *: P<0.05; **: P<0.01; ***: P<0.001.
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%= 3 'J7kF_LE Mantel test 11045 R
Table 3 Mantel test for environmental factors on Phylum level

Environmental factors Mantel test (r statistics) P-value Number of permu Tail type
Ammonia 0.259 82 0.074 999 Two sided
Dissolved oxygen 0.115 83 0.546 999 Two sided
Latitude 021515 0.077 999 Two sided
Longitude —0.038 54 0.804 999 Two sided
Nitrate 0.488 40 0.001 999 Two sided
Nitrite —0.036 21 0.817 999 Two sided
Phosphate —0.011 96 0.970 999 Two sided
Salinity 0.221 84 0.149 999 Two sided
Silicate —0.025 84 0.876 999 Two sided
Temperature 0.098 45 0.686 999 Two sided
[29] -
(P<0.01) (Alphaproteobacteria)
(Proteobacteria)
3 Wi
3.1 B EEKA M E RS E S
(Proteobacteria)
Bacteroidetes Cyanobacteria
OTU y
(Actinobacteria) (Planctomycetes)
3
3 [30-31] (Proteobacteria)
3
(Synechococcus)
(Synechococcus)
(Synechococcus) [32-33]
350 kb M — i 4 :
25-35°C 32 WBZEKAENMENSHEEERERF
[28] % g
(Flavobacterium)
[34]
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[35]

[36]

(Cyanobacteria)

Parcubacteria

[37]

30
Lgnavibacteriae ~ Aminicenantes
(Deferribacteres) (Lentisphaerae)
(Proteobacteria)
(Chloroflexi)

(Acidobacteria) Latescibacteria

(Gemmatimonadetes)

(Nitrospirae)

[30]

[38-39]

Shannon

3
Simpson

> > Chaol Ace

B_

(Proteobacteria) (Bacteroidetes)

(Cyanobacteria) (Actinobacteria)

(Planctomycetes)
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