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Impacts of environmental factors on bacterial diversity of Xinkai river
estuary in the coastal area of Qinhuangdao

ZHOU Shuang-Yan'® CHEN Xiao-Na'* CUI Lei” SONG Zhi-Quan' LI Zheng-Bin'
ZHANG Sai' ZHANG Jian-Le’ ZHANG Yong-Feng® LU Song-Hui’ WANG Guang-Yi'"

(1. Center for Marine Environmental Ecology, School of Environmental Science and Engineering, Tianjin University,
Tianjin 300072, China)
(2. Research Center for Harmful Algae and Marine Biology, Jinan University, Guangzhou, Guangdong 510632, China)
(3. Qinhuangdao Marine Environmental Monitoring Central Station, SOA, Qinhuangdao, Hebei 066002, China)

Abstract: [Objective] The goal of this study is to reveal the dynamics of bacterial communities and
their relationship with environmental variables through analysis of 16S rRNA gene clone libraries
derived from the three stations of Xinkai River estuary for better understanding the ecological functions
of this region. [Methods] In August 2014, water samples were collected from 3 stations of Xinkai
River estuary (XKH) area and its adjacent water in the coast of Qinhuangdao. Bacterial abundance was
estimated using a fluorescence microscope and 16S rRNA gene clone libraries derived from the total
bacterial DNA of the water samples. [Results] Total number of bacteria (2.62x10° cells/mL) and
diversity of station W1 were higher than that of Xinkai River estuary XKH station (6.62x10° cells/mL)
and the station W2 (2.02><106 cells/mL); 16S rRNA gene clone libraries of the stations XKH, W1, and
W2 yielded 46, 51 and 56 OTUs, respectively. Those OTUs belonged to the members of 7 different
bacterial phyla: Proteobacteria, Cyanobacteria, Bacteroidetes, Firmicutes, Actinobacteria, Planctomycetes
and Verrucomicrobia. Proteobacteria was the predominant taxa in the clone libraries of the stations
XKH (50.9%) and W2 (75.9%). On the other hand, members of Cyanobacteria were the predominant
taxa (38.2%) in the station W1. These dominant groups were closely related to availability of nitrogen
and other nutrients of water column. The environmental factors, which affected the distribution of
bacterial communities, were dissolved oxygen, pH and nitrogen nutrients. [Conclusion] Xinkai River
estuary and its adjacent seawater contained rich bacterial diversity. Particularly, the water samples from
the transition zone between the estuary and the sea harbored much higher bacterial diversity.
Distribution of bacterial communities was largely regulated by nitrogen nutrients.

Keywords: Qinhuangdao, Estuary, Bacterial diversity, Environmental factors
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Figure 1 Map of sampling site
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Table 1 Coordinates of sampling stations

Station Longitude (°E) Latitude (°N)
XKH 119.6192 39.9294
Wil 119.6319 39.9019
w2 119.7382 39.8193
a
12 ETJRAF. NBFEREFE
(1) SYBR Gold SYBR
Select Master Mix for CFX ( )
Tag DNA DNA
pMD18-T (
) DNA
Omega Bio-tek
) Nikon ECLIPSE Ni
( ) Bio-Rad
S1000 Thermal Cycler PCR Bio-Rad CFX Connect
Real-Time System PCR
Bio-Rad
3)LB (g/L) 10.0
5.0 NaCl 10.0 1.5% (
)

1.3 AESEBS%IT

[13-14] 1 mL
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(Nuclepore (25 mg/L) LB
filter 0.22 pm 25 mm diameter) SYBR Gold 16S rRNA
15 min XKH 16S rRNA
60 W1 W2 16S rRNA
90 PCR
10
Mothur
=AxS(S ) 97% 3 168 rRNA
4 Si OTU (Operational taxonomic unit)
52 4 OTU NCBI
1.4 DNA RYZER. eREXERWER ST
XKH Wi W2 15 EEPCRZEH
E.Z.N.A.™ Water DNA Kit (Omega USA)
DNA 16S rRNA () PCR DNA
1627F (5-AGAGTTTGATCCTGGCTC 2 PCR
AG-3") 1492R (5-GGTTACCTTGTTACGACTT-3) ddH,0
DNA PCR 25 uL PCR
PCR mix 10 pL. 100 DNA 1 uL DNA pMD18-T
10 umol/L 1 uyL 1.0 U Tag DNA DH5a.
ddH,O 25ul  PCR 95 °C 5 min (25 mg/L) LB
94°C45s 55°C45s 72°C 1 min 35 72 °C
10 min (25 mg/L) LB 37 °C 180 r/min
PCR E.Z.N.A. Plasmid Midi Kit
pMD18-T (Omega USA)
DH5a

%2 Q-PCR35|¥)
Table 2 Primers of Q-PCR

()

Phylum (Class) Primer name Primer sequence (5'—3") Annealing temperature (°C) References
a-Proteobaceria Eub338F ACTCCTACGGGAGGCAGCAG 60.0 [17]
Alf685R TCTACGRATTTCACCYCTAC 60.0 [18]
I Eub338F ACTCCTACGGGAGGCAGCAG 60.0 [17]
Bet680R TCACTGCTACACGYG 60.0 [19]
Cyanobacteria CyalO6F CGGACGGGTGAGTAACGCGTGA 60.0 [20]
Cya359R CCCATTGCGGAARATTCCCC 60.0 [20]
Actinobacteria Act235F CGCGGCCTATCAGCTTGTTG 60.0 [21]
Eub518R ATTACCGCGGCTGCTGG 60.0 [22]
Bacteroidetes Bac798F CRAACAGGATTAGATACCCT 61.5 [23]
Bac967R GGTAAGGTTCCTCGCGTAT 61.5 [23]
Firmicutes Fir928F TGAAACTYAAAGGAATTGACG 61.5 [23]
Fir1040R ACCATGCACCACCTGTC 61.5 [23]
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DNA
(10'-10%)
2 qPCR 3
DNA (2.8-10.5 ng/uL) 1 uL SYBR
Select Master Mix 10 pL (10 pmol/L)
1 pL (10 pmol/L) 1 pL  ddH,O
20 uL 95°C55s 95°C20s 60°C
35s( 2) 72°C30s 40
Canoco 5
PCA (Principal Component
Analysis) -
PCA
2 GREAH

21 WEEBFTER

2 XKH
(6.62+2.55)x10° cells/mL w1
(2.6240.31)x10° cells/mL W2
(2.0240.35)x10° cells/mL W1

XKH
w2 [24] (
)
W1
2.2 WAEZHEM
XKH W1 W2 16S rRNA
57. 89. 87 Mothur

3.0x10°
2.5x10° -
2.0x10° .
1.5x10° -

1.0x10°

Total number of bacteria (cells/mL)

0.5x10°

0.0

XKH Wi w2

B2 FERHFMAOREBILEHAESBFITER
Figure 2 The results of total bacteria in Qinhuangdao
Xinkai River estuary and its adjacent sea

97% OTU
46. 51. 56 OTU OTU 3
Simpson Shannon-Weiner Chaol
ACE ( 3 OTU
GenBank
()
XKH W1 W2
16S tRNA
Wi XKH
w2
XKH 57
4 7 Proteobacteria  (Alphaproteobacteria

R 3 XKH. W1. W2 =/ ih{i 16S rRNA EE 52
XERNSHERESERL

Table 3 Biodiversity and predicted richness of 16S
rRNA gene clone libraries of stations XKH, W1, W2

Item Station
57 89 87

Number of valid sequences
OTU 46 51 56
Number of OTUs
Simpson index 0.016 0.032 0.018
Shannon-Weiner index 3.751 3.674 3.889
Chaol index 120.228 141.367 91.061
ACE index 146.917  246.207 104.063

Coverage 0.351 0.595 0.598
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Betaproteobacteria Gammaproteobacteria

) Bacteroidetes  (Bacteroidia Flavobacteriia

) Firmicutes  Clostridia Verrucomicrobia

Verrucomicrobiae Proteobacteria
52.6%
Verrucomicrobia 1.8%

Unclassified ( 3

17.5% Firmicutes
26.3%

Bacteroidetes

W1 &9
6 13

(Synechococcophycideae

Cyanobacteria
Chloroplas )
Proteobacteria (Alphaproteobacteria
Betaproteobacteria Gammaproteobacteria

Deltaproteobacteria ) Bacteroidetes (Saprospirae
Rhodothermi

Bacilli

Sphingobacteriia )
Firmicutes Actinobacteria
(Actinobacteria Acidimicrobiia )
Planctomycetes Planctomycetia
38.2%

Bacteroidetes

Cyanobacteria Proteobacteria
24.7% 9.0%
5.6% Firmicutes 3.4%
2.2% 16.9%  Unclassified ( 3
w2
Cyanobacteria

Chloroplas )

(Alphaproteobacteria

Actinobacteria

Planctomycetes

87 5 10
(Synechococcophycideae
Proteobacteria
Betaproteobacteria Gammaproteobacteria
Bacteroidetes
(Bacilli

Acidimicrobiia

Epsilonproteobacteria )
Flavobacteriia Firmicutes
Clostridia ) Actinobacteria
75.9%
5.7% Cyanobacteria 4.6% Firmicutes
3.4% Actinobacteria 1.1% 9.2%
Unclassified ( 3
3 16S rRNA

(1) W1 w2

Proteobacteria Bacteroidetes

XKH Cyanobacteria Actinobacteria

(2) XKH w1 w2

Verrucomicrobia

Verrucomicrobia
Proteobacteria
[25]
B)W1 W2
Planctomycetes W1

@ Wi
Cyanobacteria Proteobacteria
XKH Proteobacteria
Bacteroidetes
w2 Proteobacteria
Cyanobacteria

Proteobacteria

XKH

OTU
OTU01 GenBank

Acidovorax sp. enrichment culture clone

KWES5-19 (JQ670734.1) 99%
OTUO01 OTUO06 GenBank
Hydrogenophaga atypica strain BSB
41.8 (NR _029023.1) 99%
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Figure 3 Taxonomic distribution of 16S rRNA gene clone libraries of the stations XKH, W1, W2 on the level of phylum
(1) XKH station: Proteobacteria (52.6%), Bacteroidetes (17.5%), Firmicutes (1.8%), Verrucomicrobia (1.8%), Unclassified (26.3%). (2)

W1 station: Cyanobacteria (38.2%), Proteobacteria (24.7%), Bacteroidetes (9.0%), Firmicutes (3.4%), Actinobacteria (5.6%),
Planctomycetes (2.2%), Unclassified (16.9%). (3) W2 station: Proteobacteria (75.9%), Bacteroidetes (5.7%), Cyanobacteria (4.6%),

Firmicutes (3.4%), Actinobacteria (1.1%), Unclassified (9.3%).

Wi
OTUO1 OTU02 OTU0O3  OTU04
Cyanobacteria
Suigetsu
OTUO01 03 04 ( 99%)
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OTU12 OTU41
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OTU
OTU41
OTU
OTU25 Actinobacteria
W1 OTU
OTU17
GenBank

Methylophilaceae bacterium NB0095 (KP770106.1)

100%
W2 25 OTU
Alphaproteobacteria
OTUOl OTU02 OTU03
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Lutimaribacter Anaerospora Marivita
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(NR_113362.1) OTUO05 (99% )
OTU09
Thioclava
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4 16S rRNA £ E FFHE U 3T
Table 4 Comparison of the 16S rRNA gene sequences

OTU
Station OTU No. Number of Closest relative and its accession No. . S?qu.e nee
sequences similarity (%)
XKH OTUO1 4 Acidovorax sp. enrichment culture clone KWES55-19 16S ribosomal JQ670734.1 99

RNA gene

OTU02 2 Uncultured Burkholderiales bacterium clone DS075 16S ribosomal DQ234159.2 99
RNA gene gene

OTU03 2 Thermomonas fusca 16S TRNA gene AJ519988.1 99

OTU04 2 Uncultured bacterium clone E23 16S ribosomal RNA gene EU864445.1 99

OTUO05 2 Uncultured bacterium clone Z-56 16S ribosomal RNA gene FJ901114.1 92

OTU06 2 Hydrogenophaga atypica strain BSB 41.8 16S ribosomal RNA gene NR 029023.1 99

OTU07 2 Uncultured beta proteobacterium clone F-49 168 ribosomal RNA gene HQ132426.1 99

OTU08 2 Uncultured bacterium clone C85 16S ribosomal RNA gene KJ808082.1 99

OTU09 2 Uncultured Aquabacterium sp. clone 4e6 16S ribosomal RNA gene KM263172.1 99

OTU10 1 Uncultured bacterium clone CSbiofilm 14 040210 B0O8 16S KC605367.1 99
ribosomal RNA gene

OTU11 1 Uncultured bacterium clone 212ds20 16S ribosomal RNA gene AY212659.1 97

OTU12 1 Uncultured bacterium clone KPF1-111 16S ribosomal RNA gene KF269988.1 100

OTU13 1 Dokdonella fugitiva strain A3 16S ribosomal RNA gene NR_042397.1 98

OTU14 1 Uncultured bacterium gene for 16S rRNA AB622788.1 96

OTU15 1 Uncultured Bacteroidetes bacterium gene for 16S rRNA AB723846.1 99

OTU16 1 Uncultured Rikenellaceae bacterium clone BEMB11B-2C1 16S KJ955676.1 98
ribosomal RNA gene

OTU17 1 Uncultured Cloacibacterium sp. clone SFeB41 168 ribosomal RNA gene JQ723622.1 98

OTU18 1 Hydrogenophaga sp. p3(2011) 16S ribosomal RNA gene HQ652595.1 96

OTU19 1 Uncultured bacterium clone AGS-HB5-3 168 ribosomal RNA gene HQ403246.1 94

OTU20 1 Uncultured Flavobacterium sp. clone XZTSH72 16S ribosomal EU703375.1 96
RNA gene

OTU21 1 Uncultured Catellibacterium sp. clone 61ISN 168 ribosomal RNA gene EU887785.1 94

OTU22 1 Uncultured bacterium clone S-7 16S ribosomal RNA gene HQ132444.1 98

OTU23 1 Uncultured Porphyromonas sp. gene for 16S ribosomal RNA LC003613.1 97

OTU24 1 Uncultured Bacteroidetes bacterium gene for 16S rRNA AB478923.1 99

OTU25 1 Uncultured Bacteriodetes bacterium clone TS-42-9 16S ribosomal GQ406181.1 96
RNA gene

OTU26 1 Novosphingobium sp. A2-440 16S ribosomal RNA gene KF441613.1 84

OTU27 1 Uncultured Cloacibacterium sp. clone NJFU SLX-S131 16S KJ127995.1 99
ribosomal RNA gene

OTU28 1 Uncultured soil bacterium PBS-21 partial 16S rRNA gene AJ390461.1 88

OTU29 1 Cloning vector p7S6 EU541493.1 80

OTU30 1 Flavobacterium suncheonense strain F19S2 16S ribosomal RNA gene ~ KJ635873.1 99

OTU31 1 Uncultured Burkholderiales bacterium clone DS075 16S ribosomal DQ234159.2 99
RNA gene gene

OTU32 1 Uncultured Betaproteobacteria bacterium 16S rRNA gene from CU925414.1 99
clone QEDNSCEO1

OTU33 1 Uncultured bacterium clone DR938CH110701SACHS2 16S DQ230968.1 93
ribosomal RNA gene

OTU34 1 Uncultured beta proteobacterium clone AKYH610 16S ribosomal AY922140.1 99
RNA gene

OTU35 1 Uncultured Rhodocyclus sp. clone R15-1 16S ribosomal RNA gene  JF808917.1 97

OTU36 1 Uncultured bacterium clone A15 16S ribosomal RNA gene KC6828838.1 92

C )
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C )

OTU37 1 Uncultured Thermomonas sp. clone b2-134 16S ribosomal RNA gene  JX575839.1 95

OTU38 1 Xanthomonas sp. P2-12-1 partial 16S rRNA gene AM490086.1 96

OTU39 1 Uncultured Alphaproteobacteria bacterium 16S rRNA gene from CU919428.1 98
clone QEDV1DAI1

OTU40 1 Paracoccus sp. DSG13 partial 16S rRNA gene AM275338.2 98

OTU41 1 Uncultured Alphaproteobacteria bacterium 16S rRNA gene from CU920741.1 100
clone QEDT2AB09

OTU42 1 Uncultured bacterium clone HZNBL-B2 168 ribosomal RNA gene  EU591641.1 91

OTU43 1 Uncultured Flavobacterium sp. clone BC031 168 ribosomal RNA gene KC166702.1 99

OTU44 1 Uncultured bacterium clone S75 16S ribosomal RNA gene KR095247.1 99

OTU45 1 Uncultured Verrucomicrobia bacterium clone AKYH1486 16S AY922120.1 95
ribosomal RNA gene

OTU46 1 Uncultured bacterium clone NBDTU25 168 ribosomal RNA gene ~ FJ529945.1 94

Wi OTUO01 7 Synechococcus sp. R$9920 16S ribosomal RNA gene AY172830.1 99

OTU02 6 Synechococcus sp. NIBB 1071 genes for 16S rRNA AB610896.1 99

OTU03 6 Uncultured Cyanobacterium sp. clone XE2C09 16S ribosomal RNA JN596608.1 99
gene

OTU04 § Synechococcus WH8101 168 ribosomal RNA gene AF001480.1 99

OTUO05 4 Uncultured alpha proteobacterium clone DI13W_116 16S ribosomal HM057770.1 100
RNA gene

OTU06 4 Uncultured alpha proteobacterium clone CB22G04 16S ribosomal EF471521.1 99
RNA gene

OTU07 3 Synechococcus sp. RS9909 168 ribosomal RNA gene AY172819.1 99

OTU08 3 Uncultured Sphingobacteria bacterium clone IMS2R19 16S JN233042.1 99
ribosomal RNA

OTU09 3 Uncultured cyanobacterium clone O-30-15 16S ribosomal RNA gene  KF827264.1 99

OTU10 2 Uncultured Bacteroidetes bacterium clone CB11B01 16S ribosomal EF471452.1 99
RNA gene

OTU11 2 Uncultured Rhodobacteraceae bacterium clone S2-10-053 16S KF787075.1 98
ribosomal RNA gene

OTU12 2 Oceanobacillus sp. BSi20641 16S ribosomal RNA gene EU330342.1 99

OTU13 2 Uncultured actinobacterium clone CB22F01 168 ribosomal RNA gene EF471475.1 99

OTU14 2 Uncultured Rhodobacteraceae bacterium clone DS163 16S DQ234245.2 99
ribosomal RNA gene

OTU15 2 Uncultured alpha proteobacterium HF0010 30A23 genomic sequence GU474853.1 99

OTU16 1 Uncultured actinobacterium clone PLF63 168 ribosomal RNA gene EU930643.1 96

OTU17 1 Methylophilaceae bacterium NB0095 16S ribosomal RNA gene KP770106.1 100

OTU18 1 Uncultured bacterium gene for 16S tRNA AB622789.1 97

OTU19 1 Uncultured actinobacterium clone CB11D04 16S ribosomal RNA gene EF471579.1 99

OTU20 1 Uncultured cyanobacterium partial 16S rRNA gene FR647972.1 77

OTU21 1 Uncultured bacterium clone PVP-120 16S ribosomal RNA gene EU283258.1 84

OTU22 1 Uncultured bacterium partial 16S rRNA gene FM995183.1 99

OTU23 1 Uncultured bacterium clone HglFeb0097m 168 ribosomal RNA gene ~ JX016502.1 99

OTU24 1 Uncultured actinobacterium partial 16S rRNA gene AJ575522.1 98

OTU25 1 Uncultured actinobacterium clone Z-1-48 16S ribosomal RNA gene FJ666190.1 98

OTU26 1 Uncultured cyanobacterium clone MD3.17 16S ribosomal RNA gene  FJ425605.1 99

OTU27 1 Uncultured gamma proteobacterium clone PEACE2006/192_P2 16S EU394558.1 99
ribosomal RNA gene

OTU28 1 Uncultured gamma proteobacterium clone A13W 148 16S HMO057634.1 99
ribosomal RNA gene

OTU29 1 Roseobacter sp. SYOP1 168 ribosomal RNA gene DQ659418.1 94

C )
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HQ738421.1
KR054194.1

INO18647.1
KM096606.1

FJ403066.1
EU237293.1
AM937273.1
EU592347.1
GU119298.1
AM997613.1
AM422930.1
HMO057607.1

HM057640.1
FJ745192.1

FJ449701.1
NR_113362.1
DQ234181.2

KC762320.3
AB302382.1
KF732817.1
EU801594.1
DQ234254.2
KF146513.1
FJ869046.1
KF732815.1
KC425496.1

HMO057762.1

EU592381.1
HMO057679.1

HMO057737.1

94

96
99

94
99

99
99
98
93
100

74
99

94
96
97
94
96
92
96
99

99

99

99
99
99

99
99
97
94
99
100
99
98
99

99

99
99

99
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C )
OTU17 2 Uncultured marine microorganism clone NB031206 68 16S KC425493.1 99
ribosomal RNA gene
OTU18 2 Uncultured proteobacterium OCSS 16S ribosomal RNA ribosomal AF173975.1 99
RNA gene
OTU19 2 Uncultured bacterium clone 6C232574 16S ribosomal RNA gene EU804623.1 99
OTU20 2 Marivita roseacus strain CB1052 16S ribosomal RNA NR_132662.1 97
OTU21 2 Uncultured Rhodobacteraceae bacterium clone BPS CKS53 16S HQS857621.1 98
ribosomal RNA gene
OTU22 1 Uncultured epsilon proteobacterium clone ATB-LH-5962 16S FJ535175.1 99
ribosomal RNA gene
OTU23 1 Flavobacterium sp. CC-PW-34 168 ribosomal RNA gene KF851343.1 99
OTU24 1 Uncultured Arcobacter sp. clone DS012 168 ribosomal RNA gene gene DQ234096.2 96
OTU25 1 Gateway recycling conversion vector pPCON-L1-cz DNA LC094269.1 93
OTU26 1 Uncultured bacterium clone N13 16S ribosomal RNA gene GQ377805.1 99
OTU27 1 Escherichia coli plasmid pAmO8WL3069 GQ149348.1 95
OTU28 1 Gateway recycling conversion vector pPCON-L4-cz DNA LC094268.1 93
OTU29 1 Uncultured bacterium clone SeaWat 51146 16S ribosomal RNA gene ~ JQ199577.1 77
OTU30 1 Uncultured epsilon proteobacterium clone DO004022A07 16S EU721785.1 99
ribosomal RNA gene
OTU31 1 Uncultured marine bacterium clone B17-4 16S ribosomal RNA gene JX405609.1 85
OTU32 1 Marivita roseacus strain CB1052 16S ribosomal RNA gene GU137308.1 99
OTU33 1 Uncultured alpha proteobacterium partial 16S ribosomal RNA FM242220.1 99
OTU34 1 Sulfitobacter sp. CC-AMSY-48 16S ribosomal RNA gene KC169809.1 98
OTU35 1 Uncultured alpha proteobacterium clone CB22G04 16S ribosomal EF471521.1 100
RNA gene
OTU36 1 Rhodobacter sp. ZH15 168 ribosomal RNA gene FJ872532.2 99
OTU37 1 Uncultured alpha proteobacterium clone bac475 16S ribosomal JF727684.1 98
RNA gene
OTU38 1 Neptunomonas sp. MEBiC06243 168 ribosomal RNA gene JQ672629.1 97
OTU39 1 Neptuniibacter caesariensis strain MED92 168 ribosomal RNA gene  NR_042749.1 96
OTU40 1 Uncultured actinobacterium clone A13W_33 16S ribosomal RNA gene HMO057614.1 100
OTU41 1 Flavobacterium cucumis gene for 16S rRNA, partial sequence AB682419.1 99
OTU42 1 Uncultured cyanobacterium clone F8P4 _10D04 16S ribosomal RNA gene HQ242626.1 98
OTU43 1 Uncultured Synechococcus sp. clone CB11C04 16S ribosomal RNA gene EF471456.1 99
OTU44 1 Uncultured marine bacterium clone S10-115 16S ribosomal RNA gene JX405861.1 99
OTU45 1 Donghicola sp. F112 16S ribosomal RNA gene KR185328.1 99
OTU46 1 Thioclava pacifica strain TL 2 16S ribosomal RNA gene NR_043078.1 98
OTU47 1 Uncultured Fluviicola sp. clone XZXXH2 16S ribosomal RNA gene EU703456.1 94
OTU48 1 Uncultured Bacteroidetes bacterium clone A13W_155 16S HM057636.1 99
ribosomal RNA gene
OTU49 1 Uncultured Flavobacteria bacterium 16S rRNA gene FN433429.1 99
OTUs50 1 Uncultured cyanobacterium clone D8W_4 16S ribosomal RNA gene ~ HMO057705.1 99
OTUS1 1 Lactobacillus plantarum strain ZJ316 16S ribosomal RNA gene IN126052.1 99
OTUS52 1 Enterococcus casseliflavus strain OZK 19 168 ribosomal RNA gene KT630829.1 99
OTUS3 1 Uncultured bacterium clone MY 91 16S ribosomal RNA gene JN245708.1 99
OTUS54 1 Uncultured Rhodobacteraceae bacterium clone S1-1-30 16S KF786365.1 97
ribosomal RNA gene
OTUS5 1 Uncultured epsilon proteobacterium clone C8W_36 16S ribosomal HM057646.1 98
RNA gene
OTUs6 1 Uncultured Arcobacter sp. clone lag_9 16S ribosomal RNA gene KM494510.1 98
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2.3 MBMEREFESNEERFHRRSN F6 REMNABEHFE
3 5 3 Table 6 Abundance of advantages bacterial taxa at the
sampling stations (copies/mL)
() .
w2 e () Station
XKH W1 XKH ’ XKH W W2
Alpha-proteobacteria  2.42x10"  2.78x107  2.59x10’
Wi w2 Beta-proteobacteria  1.18x10°  6.18x10*  7.47x10*
Cyanobacteria 129x10°  4.04x10°  2.75x10°
W2 W1 Actinob?cteria 1.18><1OZ 2.25x10: 1.o4x102
Bacteroidetes 5.33x10 2.13x10 1.42x10
a XKH W2 Firmicutes 118x10°  1.24x10°  3.23x10°
W1
Cyanobacteria 3
Cyanobacteria a(
Wil
) PCA -
a
()
) ) 4 10
Alphaproteobacteria Betaproteobacteria (NH,™-N),
4 -
Cyanobacteria Actinobacteria Bacteroidetes Firmicutes 0
p
PCR
a
3 6
(6 o \
RS REMGIAIMESE pH a
Table 5 Environmental parameters of the sampling
stations '\
- A Shannon-Weiner
Environmental Station W
parameters XKH Wi w2 O
a 2.46 19.09 3.89 TN
Chl_a (mg/m’) Salinity
0.085 0.171 0.21
TP (mg/L) Bacteria aPH
0.651 0.662 1.783 ADCOa ; .
"""""" e ST~ Betaproteobacteria-
TN (mg/L) Actinobacteria A
Alphapyoteobactert HF
0.104 0.023 0.038 A Temp  OXKH
" Firmicutes P
NH.-N (mg/L) Chl_a NO-
0.002 17 0.00127  0.000 25 Ol NO,
NO, -N(mg/L) W
0.273 1 0.149 1 0.029 1 .
- 4 Bacterial Phyla
NO; -N (mg/L) OStations .
3121 25.32 2524 —>Environmental variables A Bacteroidetes
w
Temperature (°C) -
7.45 11.97 11.86 -15 13
pH E 4 KiET PCA B¥)#-TRE W FE
5.01 72 6.69 Figure 4 Species-Environmental Biordered Figure
DO (mg/L) derived from PCA
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(TN)
NO, NO;
(28]
(2.66—1.19)x10° cells/mL
4 Cyanobacteria
2
pH [26]
Cyanobacteria CODy,  BODs
pH Alphaproteobacteria
Actinobacteria Firmicutes
3 pH a pH
3
Alphaproteobacteria ~ Actinobacteria Firmicutes
pH CODy, BOD;
a Betaproteobacteria Bacteroidetes
4 Betaproteobacteria 3.2 ZHEMESFEEE
3
Bacteroidetes (XKH W1 W2) 16S rRNA
1
Wi Sun
3 4m5itie T lesRNA
31 HEBES 105 rRNA
XKH
6.62x10” cells/mL Wi
2.62x10° cells/mL W2 3%
2.02x10° cells/mL wi w2 V6 12.9%
XKH 16S rRNA
Al w2 5.8% V4-V5
16S rRNA
[26] Sun
10° [27]
V4
V5
1.75%10° cells/mL (1) XXKH Proteobacteria
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52.6%
[30] Proteobacteria 50%
Betaproteobacteria B4 w1 Actinobacteria
35.1%
(311 w2 Alphaproteobacteria
Betaproteobacteria [33]
XKH 3.3 ZHEMERMEETFAY LR
Betaproteobacteria XKH
pH COD
[26]
2) Wi w2 Proteobacteria
Cyanobacteria Actinobacteria ~ Bacteroidetes
(1]
Proteobacteria [36-37]
Cyanobacteria
Actinobacteria  Bacteroidetes
[10] [38]
Proteobacteria PCA -
Cyanobacteria
pH
Cyanobacteria Wi [5]
Synechococcus
Synechococcus pH
32] w1 Roeselers B
Cyanobacteria
Synechococcus Cyanobacteria
[33] Cyanobacteria
W1 pH
Cyanobacteria
Alphaproteobacteria ~ Actinobacteria
Firmicutes
Wi Actinobacteria pH a Betaproteobacteria
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